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INTRODUCTOKY REMARKS. 



On the publication of the Fottm of Water^ at the end 
of 1872, it was with deep regret that I found certain 
allegations of anticipation by Bishop Bendu, and virtual 
plagiarism by Principal Forbes, reiterated by Professor 
Tyndall. I thereupon resolved to make a translation of 
Eendu's memoir, to be published without note or com- 
ment ; because the scarcity of the work prevented most 
people from being able to discover for themselves how 
unfounded these allegations were. I had not advanced far 
in this matter when my friend Mr. Alfred Wills kindly 
oflfered to undertake the revision and completion of the 
translation. He has aimed at giving a fluent translation, 
which shall at the same time give correctly the very shades 
of meaning of the original. His intimate acquaintance 
with the glaciers of Savoy is a guarantee for its value. 
The original French is added, at his suggestion, for com- 
parison in passages of doubtful meaning. 

When, however, some months later, on my return from 
the Continent, I saw Professor Tyndall's pamphlet entitled 
Principal Forbes and his Biographers^ I felt that more 
than this must be done. The continued repetition of an 
accusation, however groundless, leads many to believe in 

/Of ^ 
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its truth. I found that some who confided impUcitly in 
my father's honour had been now led to imagine that he 
had not the right altogether on his side. To take up 
this matter gives me the keenest pain ; and I am aware 
that many who have not examined the assertions of the 
other side very closely, or who may have been led 
astray by them, will at first blame me. But after due 
consideration I have arrived at a definite conclusion, and 
beUeye I am right when I refuse, either now or hereafter, 
to aUow the very slightest shadow of an imputation upon 
my father's honour to pass unchallenged. This definite 
statement will, I believe, tend to stop those controversies 
which I, in common with my father, believed, firom a 
silence of thirteen years on the one hand, and thirty on 
the other, to have been finally settled ; but which, since 
my father's death. Professor Tyndall has thought fit to 
revive. 

In October last, Mr. Ruskin's forcible remarks on the 
subject appeared in Fors Clavigera (Letter 34). A little 
later I heard that Professor Tait was preparing, in the 
name of the Biographers of Forbes, a complete examin- 
ation of the question, to appear in the November number 
of the Contempoi^ary Review^ for which number he had 
been asked to prepare his reply. It appears, however, 
that after the article was in type it was deemed unsuit- 
able by the Editor of the Contemporary Review. A 
proposal was therefore made to Professor Tait that he 
should incorporate his article in the volume which I was 
preparing. He expressed his willingness that this course 
should be followed. 

Some of my father's non-scientific fiiends have told me 
that they could see no direct charges against him in the 
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Forms of Water. But the fact of the charges being 
indirect does not diminish their injuriousness, nor their 
power to mislead. In order to show the impression 
conveyed by that book to the mind of an impartial 
reader weU versed in the history of the subject, Mr. 
Kuskin's letter is here re-published by his kind permission, 
together with an addition which he was anxious to make 
to it. 

Principal Forbes stood by no means alone in the view 
he took of the character of Professor Tyndall's remarks 
on Rendu's theory, in the Glaciers of the Alps. 

Dr. Lyon Playfair, for example, wrote the foUowing 
letter, which, with a slight verbal alteration, he has 
given me leave to publish. It was written before Princi- 
pal Forbes' Reply appeared : — 

" Edinburgh, 25th July, 1860. 

"My Deab Principal, — I have carefully read Tyn- 
" dall's chapters in regard to your labours, and compared 
" them with the extracts of Rendu in your own work, 
" and with the original of Rendu*s memoir. 

"The impression on my own mind is that you have 
" done full justice to Rendu, and that in some respects your 
" extracts are more to his honour than those of Tyndall. 
" I aUude especially to your referring the discrepancies in 
" the measured motion of the glaciers to the difference of 
" velocities in its parts. This reference has been omitted in 
"Tyndall's quotation of your book, and is in my opinion 
" a most serious omission 

" I do not think Tyndall would willingly do an unjust 
" action, and if yoij like I will point out to him that the 
" omission in question has to my reading the appearance of 
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" injustice, and request him to correct it in the next edition 
" of his book. His work is sure to go through various 
" editions, and it would be important to get your case 
" honestly before the public. DiflFerences of opinion are of 
" course a matter of fairness ; but imperfect quotations, 
" involving as in this case an incomplete statement of your 
** remarks, require removal from a book like Tyndall's." 

The force of Principal Forbes* Reply '^ was admitted 
by all. For example, Mr. E. W. Hemming, of Lincoln's 
Inn, wrote as follows : — 

" 8ih November, 1860. 

" Dear Sir, — I find upon my table your pamphlet in 
" answer to part of Tyndall's book. I am very glad you 
** have published it, as it strikes me as a complete refut- 
"ation.*' .... 

M. Studer, of Berne, wrote thus, Oct. 3rd, 1860 : — 

** AujourdTiui m^me je viens de recevoir et de lire votre 
" Reply to Mr. Tyndall. Les Glaciers of the Alps ne me 
" sont pas encore parvenus, mais d'aprfes les extraits que 
" vous en donnez, je ne puis d outer que Tauteur n'ait pas 
"^t^ ni juste ni bienveillant envers vous. Votre r^fa- 
**tation du reste est victorieuse et ne souflFre pas de 
" replique.'' 

I need hardly say that these letters, selected from a 
large correspondence, are here introduced, not as testi- 
monials in favour of my father (for which I am well 
aware there could be no necessity), but m support of my 
view of the strength of the evidence. 

* Republished as an Appendix to the Life and Letters of James David Forbes, 
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Sir William Thomson expressed his opinion in the 
foUowing terms :— 

" I have read your reply to Tyndall's remarks, and I 
** think it must be satisfactory to every unprejudiced 
** person 

" Your reply merely confirms (not, I believe, at all 
••extendmg) L imp«^on I hid fonned of Itendu'» 
*' ideas and writings from your own book " [the Travels^ 
"I believe no candid person who had read your book 
*' could for a moment entertain the idea that you had not 
" done ample personal justice tp Rendu, and set off his 
"ideas most advantageously with reference to the true 
" theory, so as in fact to connect him in the minds of 
"your readers even more decidedly with the viscous 
" theory as a scientific truth, than the manner in which 
*' he expressed them required, or than he himself would 
" have expected as his unquestionable right/* 

The arguments in my father's reply of 1860 have not 
been in the least affected by Professor Tyndall's late 
rejoinder, and I leave the analysis of it in Professor Tait's 
hands, who has examined the evidence in a thorough 
and searching manner, and exposed its fallacies by a criti- 
cal examination of the question, which is unanswerable. 
But I cannot close these remarks without pointing out 
a few of the passages in that pamphlet where Professor 
Tyndall has misrepresented the facts of the case, and 
which Professor Tait has not commented upon. The 
most important are to be found in his interpretation of 
the word crevasse as used by Rendu, and in his remarks 
on my father's conduct towards Agassiz. These will suf- 
fice to indicate the manner in which Professor Tyndall 
has attempted to support his course of action. 
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CREVASSES. 

Professor Tyndall says, at p. 25 of his Pamphlet, that 
Bishop Rendu would apply the term crevasses to " the 
" depressions of the wrinkles discovered by Principal 
" Forbes on the Glacier du G^ant, which turn their con- 
" vexities downwards. These wrinkles eventually disap- 
" pear, but they leave behind them the very Dirt-Bands 
"which suggested so strongly to Principal Forbes the 
" idea of semifluid motion." This assertion is the main- 
stay of the Pamphlet, but I object to this interpretation 
of Eendu's meaning upon several grounds. 

1. Rendu says he keeps for certain features of the ice 
*' le nom de crevasses, qu'on leur a tovjours donnS" 

2. Rendu's observation was made opposite the Mont 
Envers, at which point the depressions of the wrinkles 
have vanished altogether. 

3. Speaking of the Glacier des Bois, opposite the Mont 
Envers, Rendu says **Ici point de rupture, car ces 
crevasses ne sont pas les fentes desquelles nous avons 
parU plus haut." From which it appears that the weU 
known crevasses in that region receive the name crevasses 
from Rendu. 

4. At pp. 106 and 110 of this work Rendu most 
clearly describes the appearance of the crevasses at this 
spot, and gives a sketch to illustrate his meaning, which 
shows them to have been true crevasses, and not de- 
pressions of the wrinkles. 

5. At p. 42 of the Glaciers of the Alps Professor 
Tyndall described these same crevasses as seen at this 
same spot. He did not say that they have their con- 
vexity downwards. But he now says so, and that he 
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knew it in 1860! Nor did he then allow that they 
have any connection with the wrinkles. He said that 
they owe their origin to the glacier having passed over 
a convexity of its bed. 

6. Professor Tyndall, in the same passage, gave a 
sketch of the crevasses, Ac, at the spot referred to, which 
exactly resembles Rendu's sketch. 

7. P. 302 of the Glaciei^s of the Alps shows that 
Professor Tyndall then admitted that Rendu was really 
describing the same crevasses as he had described at 
p. 42, and not the wrinkles. 

8. Rendu's division of the ice fissures into fentes and 
crevasses is the same as Principal Forbes'. In the PhUo- 
sophical Transactions Forbes says that the study of 
crevasses requires a twofold classification into crevasses 
which may be considered as proper to the mass of the 
glacier, and those which merely seam its surface 
{OccoMonal Papers, p. 1 5 1 ). He then goes on to explain 
that the one class are caused by differential motion, the 
other by irregularities in the bed. It appears, then, that. 
Rendu meant by crevasses exactly what Forbes meant 
by that word ; and that Forbes was quite aware of the 
distinction between yenfes and crevasses. 

FORBES' CONDUCT TOWARDS AGASSIZ. 

In his late pamphlet Professor Tyndall informs us (p. 6) 
that if M. Agassiz was not quite wrong in his controversy 
with Principal Forbes, then the conduct of the latter, 
after visiting M. Agassiz on the Aar glacier in 1841, in 
proceeding to make observations on the physical part of 
the subject in 1842, cannot be justified. Now, whilst I 
cannot admit that M. Agassiz was not quite wrong in that 
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controversy, I must yet draw Professor TyndaU's atten- 
tion to one or two facts : — ^he seems to forget (1.) that the 
measurements of motion of the Aar glacier were made at 
Principal Forbes* suggestion ; (2.) that before the visit of 
Principal Forbes to the Aar glacier, M. Agassiz made no 
such observations ; (3.) that Principal Forbes published, 
in the Edinburgh Review for April, 1842, the methods 
which he considered suitable for glacier measurements; 
and (4.) that after all this he made the required measure- 
ments on the Mer de Glace. He was thus the first to 
determine the greater motion of the centre, among other 
equally important facts. On this last point Professor 
Tyndall gives an equal claim to M. Agassiz ; and blames 
Principal Forbes for not doing the same. He says 
{Forms of Water ^ § 150) that M. Agassiz, in 1842, mea- 
sured the displacements of six staves driven into the ice 
in 1841 ; and in his pamphlet. Professor TyndaU adds 
(p. 6) that he has verified the statement by reference to 
the CoTwptes Rendus and finds that the observations of 
Agassiz take date from August 1st. Now, in the first 
place, this is the date when he wrote his letter, and the 
date of Forbes's letter announcing the greater central 
motion was July 4th. In the second place, if the reader 
will kindly refer to the Comptes Rendtts above alluded 
to (which bears date August 29th, 1842), he will find that 
Agassiz simply gives, without comment, the measured 
rates of three stakes ; the other three were not announced 
until 1847, in his Nouvelles Etudes. And although in the 
same paragraph of the Comptes Rendus Agassiz points out 
that the greater wasting at the sides of the glacier is opposed 
to his theory, he does not even allude to the fact that the 
greater central motion is in direct opposition to his often ex- 



IN TROD UCTOR Y REMARKS. 9 

pressed theory of the greater motion of the sides. The slight 
allusion to this measurement, and his suppression of three 
of the observations, show that he did not accept it as a 
scientific truth, and was of opinion that future observations 
might be found to support his erroneous theory. This view 
of the case is justified when we learn fi:om the NouveUes 
Etudes (p. 454) that after the above observations he was 
in doubt as to the universality of the law. Further, no 
member of the Agassiz party publicly allowed the gene- 
rality of the law until, in the Comptes Rendus for 1844, 
December 9, M. Desor admitted this fact in a letter to 
M. Elie de Beaumont. Principal Forbes was, therefore, 
quite justified in using the word now, to which Professor 
TyndaU objects, in the foUowing passage :— " It is hardly 
"necessary to premise that M. Aga^iz and his Mends 
" now admit that all glaciers move fastest at the centre 
"and slowest at the sides," (Ninth Letter on Glaciers, 
1845, March 7.)* 

THE COPLEY MEDAL IN 1859. 

In 1859 it was proposed in the Council of the Royal 
Society that Principal Forbes should receive the Copley 
Medal in acknowledgment of his labours on the glacier 
question. The medal was, however, awarded to Weber, 
a distinction which he richly deserved, and which, I am 
sure every one must say, was weU bestowed. But it has 
been hinted {Nature^ 1873, May) that the reason why it 

* After this and all other mention of Agassiz' name in the present yolume 
(with the exception of the allusions by Mr. Watson, p. 209) was in the 
printer's hands, the sad news of his death has reached us. I believe that 
nothing will be found in these pages which is not strictly and exactly correct 
concerning that controversy, into which he was led by his confidential adviser, 
M. Desor. Professor Tyndall would have done well to leave it in that oblivion 
to which M. Agassiz consigned it for thirty years, and from which it must 
have distressed him to see it resuscitated by a third party. 
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was not given to Forbes was the reading of a paper at a 
Council meeting, which stated, among other things, that he 
had done scant justice to Kendu. If this be so, it is not my 
duty to discuss the matter. If it be alleged that a single 
vote was influenced by such a statement, it is a matter 
for the Council of that venerable body, and not for me, 
to investigate. I bring the matter forward in conse- 
quence of a remark by Professor TyndaU in his pamphlet. 
He says (p. 32), " Had the rules of good taste been ob- 
served, he" pForbes] " would have known nothing of these 
discussions." . . This may be true ; but if so, the 
breach of good taste lay on the part of those who brought 
forward objections before the Council only a few days 
before their final decision. This is explained in the fol- 
lowing letter : — 

On the 28th Oct., 1859, Whewell wrote as follows : — 
**My Dear Forbes, — I want information from you 
' relative to the history of Glacier Theory. I proposed 
' you as a fit and proper person to receive the Copley 

* Medal, and yesterday I was unexpectedly opposed 
' by the assertion that M. Kendu had propounded the 

* leading points of a theory nearly identical with yours, 

* before you promulgated yours. Of course, I am 

* aware of what you have said of M. Rendu ; but 

* I have not seen his book, and should be very glad 

* to see it before the discussion comes on again. , 

* who is a member of the Council, read a paper drawn 
^ up by Huxley, in which there was an elaborate state- 
' ment of M. Rendu's assertions in which he was sup- 
' posed to have anticipated you ; and on his having 
' declared that the middle of the glaciers moves faster 
' than the sides, that the motion of a glacier is of the 
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" same kind as the motion of a river, and that the ice 
" is in a certain sense plastic. He noticed also the pas- 
" sages in which you had referred to M. Rendu, and con- 
" sidered your acknowledgment as insufficient. Of course 
" my reply was that you were not acquainted with M. 
** Rendu's labours when you formed your theory, that he 
" discovers who proves, and that, so far as I know, M. 
"Rendu's views were rather conjectures than general 
'* views formed by measurements, as yours were. But, as 
" I said, I wish to see M. Rendu's book before the subject 
" is again discussed. Something also was said of Rendu 
" having noticed the laminal structure of the ice ; and a 
" passage in your preface to your last published collection 
" of papers was quoted as if you had claimed an undue 
" approximation to Tyndall's views. To this I could only 
" reply that your views did seem to come very near to his, 
" except that he spoke of regelation^ while you spoke of 
" cohesion as reconstituting the mass. But Huxley in his 
" paper insisted that there was a great diflference between 

^' you and T . It is plain that there is a strong feeling 

" among Tyndall's friends, and that they will oppose me. 
" But I should like to be able to speak of Rendu's work 
" clearly and distinctly. In the meantime you see that 
*' your discoveries have passed from the stage when people 
" say they are not true to the next stage when people say 
" they are not new 1 and the truth of your theory is 
" allowed, and of course your services as having discovered 
" and published it, whatever M. Rendu may have done 
" before ; but that is principally what I want to 
'* acquaint myself with. I have not a copy of Huxley's 
"paper ; it was in MS., and, as I have told you, read by 
" . I should like to have some answer ready by 
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" next Thursday, when, as I suppose, the decision of the 
'* medal must take place. Probably you have Rendu's 
" book. Could you give me a notice what is the tone and 
"purport of it. How far his views are conjectural, and 
" how far they are supported by definite evidence. How 
" far he has applied them to glaciers in general, and so on. 
" Of course his priority, to whatever extent it may go, does 
"not afiect your originality, nor your place in the history 
" of English science on this subject. But this assertion of 
" a prior promulgation of a like theory by another will, I 
** think, weigh with several of the Council." The letter 
concludes by protesting against the animus which led to 
such an objection being raised suddenly, when there was 
hardly time to answer it. 

When this letter arrived my father despatched Rendu's 
memoir to Dr. Whewell at Cambridge, by return of post ; 
but it arrived too late to be of use. He was convinced 
that this was the most complete answer that could be 
given to such allegations. With precisely the same feel- 
ings do I now give to the public the first opportunity 
they have had of consulting the memoir. 

INTRODUCTION TO RENDU's MEMOIR. 

The accompanying translation is published with the 
view of allowing Bishop Rendu and Principal Forbes 
each to have such credit as may be due to him ; and of 
showing how fully Principal Forbes brought Rendu's 
labours before the world by reference to them in The 
Travels. There are not, I believe, more than two or three 
copies of the original in the British kingdom at present. 
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I hold a high opinion of the general accuracy and 
depth of thought displayed by the writer, the more so 
since these are combined with a desire to explain pheno- 
mena by existing causes. But these qualities axe shown 
mor« in the genii descriptions (^\ hi» expl«.ation 
of the mountain breezes, his proofs that glaciers move, and 
that stream glaciers are physically connected with glacier 
reservoirs) than in any attempt at proving the mode of 
motion of glaciers. Professor Tyndall has always unduly 
exalted Rendu's more happy speculations, cast a veil over 
his less fortunate conjectures, and left unnoticed the fact 
that in many cases these ideas were thrown out in the form 
of vague suggestions. He has, on the other hand, reduced 
the value of Forbes' work to a minimum; as in the 
Glaciers of the Alps, where he sums up Forbes' contribu- 
tions to the viscous theory in two pages; or in the Foi^ms 
of Water, p. 161, where he says that to the advocacy of 
Principal Forbes the public knowledge of the viscous 
theory is mainly due. 

Principal Forbes' claims to having established a viscous 
or plastic theory of glaciers rest mainly upon the following 
observations made by him :-Neglecting tie obvious facts 
of the moulding of the glacier to its bed, its compression 
and swelling, we have — 

1. The motion of the ice is continuous. 

2. The centre moves faster than the sides. 

3. This change of velocity is continuous. 

4. The variation of velocity in the breadth of a glacier 
is proportional to the absolute velocity, at the time, of the 
ice under experiment. 

5. The velocity of a glacier increases when the steep-» 
ness of its bed increases. 
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6. A continuous mass of ice on the Brenva became 
distorted without the formation of any crevasses. 

7. The greater the heat and rainfall, the more liquid 
is the ice, as shown by its greater velocity. 

8. The melting of the surface in summer is compen- 
sated by a thickening (resulting from diminished fluidity 
in the viscous mass) in winter. 

9. In cases where the tenacity of the ice is insuffi- 
cient to bear the strain crevasses are formed. 

10. These crevasses, and also the broken continuity 
of the whole mass, are closed up by time and cohesion. 

11. The differential motions of a viscous mass account 
for the veined structure. 

12. In every respect, experiments on viscous sub- 
stances show motions similar to those of glaciers. 

No wonder then that Professor TyndaU admits (perhaps 
unwittingly) that " it is undoubted that the glacier moves 
like a viscous body." {Forms of Water, p. 163.) But 
Principal Forbes could not with justice be asked to give 
Bendu or any one else credit for the above observations 
which he himself was the first to make. Bendu did not 
claim to explain the cause of motion of glaciers, nor to have 
made measurements which could lead to a theory; and it 
is unfortunate that Professor TyndaU should have thought 
that he could increase Bendu's credit by straining his 
words, and supporting his view by imperfect quotations 
(four of which are alluded to in Forbes' Reply), so 
as to give him more than either he wished for or 
deserved. 

It may, perhaps, be said that greater clearness would 
have been given to this work by adding to it a reprint 
of the Reply written by Principal Forbes in answer to 
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some of Professor TyndaU's objections. This may be 
true ; but the Reply has lately been reprinted as Ap» 
pendix A to the Life and Letters of James David 
Forbes (Macmillan & Co., 1873). I conceive that it is 
more in accordance with the object of this volume to 
reprint only that article of the Reply in which Principal 
Forbes cited the passages in his writings where he had 
referral to, or quoted ftom, Bidiop fiSdu. This „- 
tract will be found at the end of the present volume. 
Let the reader, after he has studied Rendu^s interesting 
memoir, turn to the end of the book and consult the 
account of Rendu's views, given by Principal Forbes in 
his writings up to 1846. He will then be able to judge 
whether Professor Tyndall was justified in saying that 
it devolved on him (Professor Tyndall) to call attention 
to passages in the memoir, of *' cardinal import," 
** overlooked " by previous writers, ** nearly twenty 
** years after their publication." After such an in- 
vestigation, the reader will be more likely to come to 
the conclusion arrived at by Sir William Thomson, 
namely, that Principal Forbes ** had done ample per- 
^ sonal justice to Rendu, and set off his ideas most 
' advantageously with reference to the true theory, so 

* as in fact to connect him in the mind of the reader 
' even more decidedly with the viscous theory as a 
' scientific truth, than the manner in which he ex- 

* pressed them required, or than he himself would have 
' expected as his unquestionable right." 

In conclusion, I ought perhaps to state that, in ac- 
cordance with an engagement entered into in 1871, I 
must leave this country in June next for the Sandwich 
Islands, to make observations on the approaching tran- 
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sit of Venus. Should the publication of this volume 
draw forth remarks which I ought to answer, the 
reason of my temporary silence will be understood. 
Yet I cannot conceive that this is likely to happen. 
Misunderstanding is possible only so long as the data 
required for its correction are not generally accessible. 
This is no longer the case. The controversy is now 
concluded; and an unbiassed judgment will, I feel 
sure, be given by the scientific world, and the general 
public. 

George Forbes. 



RENDU ON GLACIERS. 



PREFACE. 

I HAD almost abandoned the idea of publishing this 
work, which was completed nearly two years ago, 
when I saw the announcement of the Notice sur les 
Glaciers, dc., of M. Ch, Godefroi. The sight of this 
title alone siifficed to make me change what had been 
a doubt into a settled resolution. I read the work of 
M. Godefroi, and as I finished it I said, " My theory 
shall appear ; all imperfect as it is, the theories of M. 
Godefroi render it necessary." This natural philoso- 
pher has said nothing of the most curious phenomena 
presented by glaciers. The crevasses, their depth, 
their form, the wells, the cracks, the inequalities of 
the surface, the convex form of the glaciers, tiie velocity 
of the flow of the ice, the rocks disgorged by the 
glacier, all this remains to be examined ; the question 



AVERTISSEMENT. 

J'avais presque renone^ k la publication de cet ouvrage , qui 
est achev^ depuis pr^ de deux ans, quand j'ai vu paraitre 
la Notice aur lea Glddera, etc., de M. Ch. (JodefroL La seule 
vue de ce titre a sufB. pour me faire changer en r&iolution d^ter- 
minde ce qui n'^tait encore qu'une h^iiation. J'ai lu le travail 
de M. Godefroi , et en le finissant , j'ai dit : ma thforie paraitra; 
tout imparfaite qu'elle soit, les systfemes de M. Godefroi la 
rendent ndcessaire. Ce savant n'a lien dit des ph^nom^nes les 
plus curieux que pr&entent les glaciers. Les crevasses , leur 
profondeur, leur forme, les puits, les fentes, les rubosit^s 
de la surface, la forme convexe des glaciers, la vitesse de 
r^oulement des glaces, les rochers revomis par le glacier, 
toute cel^ reste h examiner ; la question est presque eixcore 

B 



1 
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is still almost untouched. Nor is this all : the state 
of things imagined by M. Godefroi in order to explain 
the formation of moraines appears to me so contrary 
to observation and to the very nature of moraines, that 
I believe it to be necessary to submit once more to 
naturalists the explanations already given by others, 
whilst rendering them clearer by new observations, 
and I may also say by the impossibility of the cause 
assigned by M. Godefroi. 

Before visiting the glaciers, I had studied all that 
physicists, naturalists, and travellers had written on 
this great phenomenon of nature. I had admitted 
provisionally only the explanations which they gave 
of all the peculiarities which attend it; but from the 
moment I could see for myself the principal glaciers 
that surround Mont Blanc, those of the Valais and of 
the Simplon, I felt convinced that everything had not 
been observed, and that the causes assigned to the phe- 
nomena were not always correct. 

Had the special knowledge of glaciers been the 
specific object of the travels of De Saussure, this 
learned observer would have left nothhig to be said by 



toute enti^re. Ce n'est pas tout : le systfeme imaging par M. 
Godefroi pour expliquer la formation des moraines me paratt 
tellement contraire a Tobservation et k la nature mSme des 
moraines, <liie je crois n^cessaire de remettre sous les yeux des 
naturalistes les explications d6jk donn^es par d'autres , en les 
rendant plus ^videntes par de nouvelles observations, et je 
dirai mdme par Timpossibilit^ de la cause assignee par M. 
Godefroi. 

Avant de visiter les glaciers , j 'avals ^tudi^ tout ce que les 
physiciens , les naturalistes et les voyageurs avaient 4cnt sur ce 
grand ph^nomfene de la nature. Je n'avais que provisoirement 
admis les explications qu'ils donnaient sin* toutes les particular- 
it^s qui Taccompagnent ; mais d^s Tinstant oil j'ai pu voir par 
moi-mdme les principaux glaciers qui entourent le Mont-Blanc , 
ceux du Valais et du St-Plon , j'ai cru recomiaitre que tout 
n'avait pas 6t6 observe , et que les causes assignees aux ph^no- 
m^nes n'^taient pas toujours vraies. 

Si les voyages de Saussure avaient eu pour but la connais- 
sance sp^ciale des glaciers , ce savant observateur n'aurait rien 
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those who come after him ; but as he speaks of them 
merely in aix accidental way. it is not suiprising that it 
should still be possible to touch upon a subject which 
nevertheless owes much to him, as will be seen by 
the aid that hi8 writings have riven me, and hythe 
numerous quotations that I shall be obliged to make 
horn them. 

It is at the Glacier des Bois, upon the Mer de Glace, 
at the Glacier des Bossons, and at that of Argenti^re, 
that my principal observations have been made. It 
is to them, therefore, that the reader must recur m 
order to come more easily to understand the causes 
that I shall assign to the different phenomena. I auL 
aware that nature is as inunense m her variety as in 
her extent ; but; she always resembles herself in the 
production of identical phenomena. Those which to us 
wear the aspect of anomalies seem to deviate from the 
simplicity of known laws only by reason of the com- 
plication of their causes, accidents of soil, relative posi- 
tion, and the like. 

The sum total of the facts met with on the glaciers 
has appeared to me to be of great simplicity ; they 
flow almost all the one from the other, and are 



laiss^ k dire h, ceux qui viennent apr^ lui pnais comme il n'en 
parle qu'accidentellement , il n'est pas ^tonuant que Ton puisse 
revenir sur un sujet qui pourtant lui doit beaucoup , comme 
on le verra par les secours que m'ont foumi ses ouvrages, et 
par les citations nombreuses que je serai forc^ d'en tirer. 

C'est au glacier des Bois, sur la mer de glace, au glacier 
des Bossons , k celui d'Argentifere que mes observations princi- 
pales ont ^t^ faites. C'est done \k que le lecteur devra se 
reporter pour arriver plus facilement k Tintelligence des causes 
que j'assignerai aux (fivers ph^nom^nes. Je sais que la nature 
est aussi immense dans sa vari^t^ que dans son ^tendue ; mais 
elle est toujours semblable k e^e-meme dans la production des 
ph^nomfenes identiques. Ceux qui se montrent k nous comme 
des anomalies , ne semblent sortir de la simplicity des lois con- 
nues que par la complication des causes, les accidents du sol , la 
position relative , etc. ... 

L'ensemble des faits qui se rencontrent sur les glaciers m'a 
paru d'xme grande simplicity; ils d^coulent presque tous les 
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evidently deducible from the knowledge furnished to 
us by the laws of physics. My sole aim in embodying 
my observations in a theory, which I seek to render as 
complete as the feebleness of my lights will allow me, 
is to place the study of glaciers within the reach of 
everyone. Even though the explanations that I shall 
give should not be looked upon by natural philosophers 
as incontrovertible, I should still trust to have rendered 
some service to truth in adding to the elements which 
must aid its discovery ; and if the moments I have con- 
secrated to this labour should be useless to others, they 
will not have been so to myself; the study of nature 
always makes a better man of him who contemplates 
her with an unbiassed spirit and an upright and dis- 
interested heart. It is one of the thousand paths that 
lead to God. Yes, to seek to know His daily action in 
the administration of this vast xmiverse which is His 
work, is to place one's self under the necessity of 
praising Him. jPVre, hailj snow, ice, stormy wind ful/UIr 
ing His word . . . .let them praise the nxime of 
the Lord. Ps. cxlviii. 



uns des autres, at se d^uisent ^videmment des connais- 
sances que nous foumissent les lois de la physique. Men 
unique out en consignant mes observations dans une thdorie, 
que je cherche k rendre aussi complete que me le per- 
mettra la fEublesse de mes Inmiferes, est de mettre T^tude 
des glaciers k la port^ de tout le monde. Alors mSme 
que les explications que je donnerai ne seraient pas re- 
gard^es comme incontestables par les savants, je croirais 
encore n'avoir pas i\A inutile k la v^rit^ en ajoutant aux 
^^ments qui doivent aider k la trouver ; et si les moments que 
j'ad consacrds k ce travail dtaient inutiles pour les aatres , lis 
ne le seraient pas pour moi; T^tude de la nature rend toujours 
meilleur celui qui la contemple avee un esprit juste et un coeur 
droit et d^intdressd ; c'est une des mille voies qui conduisent 
k Dieu. Oui , c'est se placer dans la necessity de le louer que 
de chercher k connaitre son action joumali^re dans Tadminis- 
tration de ce vaste univers qui est son ouvrage. — Ignis, 
grando, nix, glcLcies, spiritus proceUarum qv/je faovunt 
verhv/m ejus . . . Icmdeni nomen Domin/i. Ps. 148. 
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CHAPTER L 



OF GLACIERS IN GENERAL. 



When the height of mountains exceeds ten or eleven 
thousand feet £^x)ye the level of the sea, their summit 
usually remains covered with snow during all seasons. 
This snow, more or less hardened by weather, assumes 
the appearance, the hardness, and sometimes the colour 
of ice, and we give to the whole mass the name of 
glaciers. 

Nevertheless, in common parlance, the name of 
glacier is more specially given to those portions 
which descend below the region of perpetual snow, 
and display themselves in the midst of the vegetation 
of the high valleys. It is, therefore, necessary to dis- 
tinguish two kinds of glaciers. I shall give the name 
of reservoir glaciefrs to those of the higher regions in 
which their formation must be continuous, because the 



CHAPITRE PREMIER. 

DES GLACIERS EN GENERAL. 

Quand la hauteur des montagnes ddpasse dix k onze mille 
pieds au-dessus du niveau de la mer, leur sommet reste ordin- 
airement couvert de neige pendant ioutes les saisons. Cette 
neige, plus ou moins diu-cie par le temps, prend Taspect, la 
dureti^, et quelquefois la couleur de la glace, et Ton donne h, 
Tensemble le nom de glaciers. 

Pourtant , dans Tusage ordinaire , on donne plus particulifere- 
ment le nom de glaciers aux parties qui descendent au-dessous 
de la region des glaces, et viennent se montrer au milieu de la 
vdg^tation des hautes valines. II est done n^cessaire de dis- 
tinguer deux espfeces de glaciers. Je donnerai le nom de gladers- 
r^ervoi/rs k ceux des regions sup^rieures, oil la formation doit 
6tre continue, parce que la temperature de ces lieu:^ est 
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temperature of those parts is habitually below the 
freezing point. To those which descend into the 
region of vegetation where melting of ice and snow 
takes place during a considerable part of the year, as 
they have evidently a different origin from the first, 
I shall give the name of strecmi glaciers. 

One feels that it would be difficult, not to say im- 
possible, to establish with precision the line which 
separates these two regions. From the point where 
melting is nothing to that where it is exactly sufficient 
to cause the disappearance during the summer of all 
the ice or all the snow that has accumulated during the 
winter, there are several zones of differing temperature, 
but in none is the heat in excess of the cold. Similarly 
from the point of complete melting down to that of the 
growth of the vine, for instance, there are also several 
zones of differing temperature, and in none is the cold 
in excess, so as to render snow or ice perpetual. This 
boundary line, which is still called the limit of perpetual 
snow, is not always in direct proportion to the vertical 
elevation. It rises or falls according to several circum- 
stances, which are not everywhere the same. The 



habituellement au-dessous de z^ro. Pour ceux qui descendent 
dans la r^on v^gdtale oil la fusion des glaces et des neiges 
s'opfere pendant une partie considerable de Tann^e , comme ils 
ont dvidemment une autre origine que les premiers, je les 
appelerai glaciers d*4covZement 

On sent qu'il serait difficile, pour ne pas dire impossible, 
d'^tablir avec pr^ision la ligne qui sdpare ces deux regions. 
Du point oil la fusion est nulle jusqu'Ji celui oil elle est prlcis^- 
ment suffisante pour faire disparaitre pendant T^t^ toute la 
glace ou toute la neige qui s'est accumulde pendant ITiiver, il y 
a plusieurs zones de temperature diverse , mais dans aucune la 
chaleur n'est en exc^s sur le froid. De mSme depuis le point 
de fusion totale jusqu'S. celui de la vegetation de la vigne , par 
exemple , il y a aussi plusieurs zones de temperature diverse , 
et dans aucxme le froid n'est en exc^s de maoi^re k rendre la 
neige ou la glace perpetuelle. Cette ligne intermediaire, que 
roh a continue d'appeler limite des neiges perpetuelles , ne 
saurait 6tre toujours en rapport direct avec I'eievation verticale ; 
elle s'eifeve ou s'abaisse d'aprfes plusieurs circonstances qui ne 
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slope of the ground relatively to the sun, the form and 
nature of the soil, the degree of latitude, the elevation 
of the plateau generally upon which the mountam rests, 
may largely modify its position. I shall here present 
a picture of the seven Alpine regions as naturalists 
have drawn it. The vine reaches to 1,700 feet above 
the level of the sea, the region of the oak to 2,800 feet, 
the region of the beech to 4,000 feet, that of the coni- 
ferae to 5,500 feet, that of the graminifersB to 6,500 feet 
and more. At 7,500 feet we find in the middle of 
summer isolated masses of snow, and the ground is 
uncovered wherever it is not sheltered from the sun ; 
ifc is here that arctic plants are foimd. Lastly, above 
8,000 feet come the eternal snows. This limit seems 
to me, so far as the Alps are -concerned, placed too 
low; for all travellers agree that at this height and 
even higher we still meet with saxifrages, gentians, 
chrysanthemums, and some other plants of arctic 
climates ; it follows that if this zone had nothing above 
it, there would be in summer some days when it would 
be entirely free from snow. We must therefore put the 



sauraient 6tre les mSmes partout. La pente du terrain relative- 
ment au soleil ^ la forme et la nature du sol , le degrd de lati- 
tude » rS^vation du plateau gdndral sur lequel repose la 
montagne peuvent apporter de grandes diff<^rences dans sa 
position. Je vais placer ici le tableau des sept regions alpines 
tel que Tent trac^ les naturalistes. La vigne s'^feve jusqu'Ji 
1,700 pieds au-dessus du niveau de la mer , la region des chines 
jusqu'4 2,800 pieds , la region des hStres jusqu'Jl 4,000 pieds, 
celle des c6niffere8 jusqu'k 5,500 pieds , les gramindes jusqu'it 
6,500 pieds et plus. A 7,500 pieds on trouve dans le milieu de 
r^t^ des amas de neige isol^s , et le sol est ddcouvert partout oil 
il n'est pas abrit^ du soleil ; e'est 1^ que se trouvent les plantes 
hyperbor^ennes. "Rnfin au-dessus de 8,000 pieds viennent les 
glaces dtemelles. Cette limite me parait m^me , pour les Alpes , 
placde trop bas ; car tous les voyageurs conviennent qu'Jt cette 
nauteur et mSme au-dessus on rencontre encore des saxifrages, 
des gentiones , des chrysanth^mes et quelques autres plantes 
des climats hyperbor^ens ; il s'ensuit que si cette zone n'^tait 
nullement domm^e, il y aurait dans Yi\j& quelques jours oti 
elle serait entiferement d^pouillde de neige. II faut done 



24 THE GLACIERS OF BA VO T. 

limit of perpetual snow a little higher ; I should place 
it at 9,000 feet. It is there that the line of separa- 
tion between reservoir glaciers and stream glaciers is to 
be found. 



CHAPTER II. 

OF BESEBYOIR GLACIEBS. 

The rays of the sun fall in vain on the summit of Mont 
Blanc, at a height of 14,700 feet above the level of the 
sea ; the snow does not melt there. M. de Saiissure 
having reached this, the highest point of Europe, on the 
2nd of the month of August, found the thermometer at 
26**'8 Fahr.,* and even in the sun it was more than a de- 
gree below the freezing point, while in the plain it was 
81**'2. At the station from which he had started that 
morning, which is more that 3,000 feet lower, he had 

* The temperatures pyen by M. Bendu are generally in Bdaumur's 
scale. In the translation these are all reduced to Palirenheit's scale. 
Measurements of length have not been altered, and remain in French feet. 
—Ed. 



porter un pen plus haut la limite des neiges perpdtuelles ; je 
la suppose k 9^000 pieds. (Test 1^ que se trouve la ligne de 
separation entre les gladera-r^eervoilra et les gladera dficoute- 
Tnent. 



CHAPITRE n. 



/ 



DES GLACIEBS-BESERYOIBS. 

La crSte du Mont-Blanc, k 14,700 pieds au-dessus du niveau 
de la mer, est inutilement frapp^ des rayons du soleil; la 
neige nV fond pas. M. de Saussure arriv^ sur ce point cul- 
minant ae TEurope au 2 du mois d'aoM, trouva le thermom^tre 
de B^umur k — 2^3 , et mSme au soleil il ^tait k plus d'un 
degr^ au-dessous de z^ro, tandis que dans la plaine il ^tait k 
-I- 22^ Dans la station d'oil il ^tait parti le matin, laqueUe se 
trouve plus de trois mille pieds plus bas, il avait compt^ trois 
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noted 25'''7. M. de Tilly^ who made his ascent on the 
8th of October^ found at the summit of Mont Blanc 
a temperature of about 0**. Two other travellers, 
who were surprised by a tempest and detained at 
the rocks of the Grands Mulets, experienced after 
the storm 32'' of frost in the montii of Au^st. All 
observations that have been made agree m demon- 
strating that the melting of snow is absolutely nil on 
this summit. 

Nevertheless^ it is right to state that M. de Saus- 
sure^ who is an authonty, and I may say almost an 
oracle when we are dealing with the phenomena of 
this mountain^ which he has (so to speak) conquered 
to science — M. de Saussure has recourse to melt- 
ing to explain the formation of a thin layer of ice 
which covers the snow and breaks beneath the foot of 
the traveller. It is a pure inadvertence on the part 
of the philosopher of Geneva ; to explain this pheno- 
menon, there is another cause perpetually at work — 
the condensation of vapours — ^which, as we shall see 
elsewhere, must be very great in this locality. 

At the moment when snow first falls on great ele- 

degr^ au-dessous de z^ro. M. de Tilly, qui a fait son ascension 
au 8 octobre, a trouv^ au sommet du Mont-Blanc une tempera- 
ture de 14 ou 15 degr^s au-dessous de z^ro. Deux autres 
voyageurs, que la tempSte a surpris et arr^t^ aux rochers des 
Grands-Mulets, ont ^prouv^ apr^ Torage un froid de 14** au mois 
d'aoM. Toutes les observations qui ont dtd faites sont d'accord 
pour d^montrer que la fusion des neiges est absolument nuUe 
BUT cette sonmiite. 

Pourtant il faut le dire, M. de Saussure qui est une autorit^, 
et je dirai presque un oracle quand il s'agit des phdnomfenes de 
cette montagne qu'il a pour ainsi dire conquise h, la science, M. 
de Saussure a recours h, la fusion pour expliquer la formation 
d'xme mince lame de glace qui recouvre la neige et qui se brise 
sous le pied du voyageur. C'est pure inadvertaiice de la part du 
savant Genevois ; il y a pour expliquer ce ph^nomfene une autre 
cause perp^tuellement agissante, c'est la condensation des vapeurs 
qui, comme nous le verrons ailleurs, doit 6tre fort grande dans 
cette locality. 

Au moment oil la neige tombe sur les grandes ^^vations, elle 
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vations, it is ordinarily in. the state of powder; in a 
short time, penetrated by the vapours which are always 
in abundance about very lofty summits, it hardens on 
the surface. 

It may possibly be, also, that the layer of ice which 
is found there, like that which is met with often 
enough on the snow of the plains, is the result of 
rain faUing and freezing on coming into contact with 
the snow. 

The effect of the greatest heat which is experienced 
on heights far inferior to those of Mont Blanc consists 
in softening it so as to give to its different parts more 
faciUty for uniting with one another ; and to get so far 
as melting, we must have a certain concurrence of 
circumstances which can rarely present themselves — a 
hot wind, aided by the sun, or humidity at a somewhat 
high temperature. 



est ordinairement en ^tat de poussifere ; peu aprfes, p^n^trde par 
les vapeurs toujours abondantes autour des plus hautes sommitds, 
elle se durcit k la surface. 

n serait possible aussi que la couche de glQ,ce qui a 4i4 trouv^e 
Ik, comme on la rencontre assez souvent sur la neige des plaines, 
e{lt 6t6 le r^sultat de lapluie tombde et congel^e en arrivant au 
contact de la neige. 

L'effet de la pins grande chaleur qui se manifeste sur des 
hauteurs bien inf^rieures k celles du Mont-Blanc, consiste k la 
ramollir de manifere k donner k ses diverses parties plus de 
facility k s'unir, et pour pousser jusqu'^ la fusion, il faudrait un 
certain concours de circonstances qui doivent rarement se pr^- 
senter: ce serait un vent chaud, aid^ par le soleil, ou de 
rhumidit^ k une temperature un peu ^levde. 
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CHAPTER III. 

CAUSES OF INCREASE IN THE RESERVOIR GLACIERS, 

First Cause: Snow. 

Snow is, beyond dispute, the most abundant means 
employed by nature to maintain reservoirs of ice ; it 
falls upon them at all seasons of the year ; that which 
in the plain comes down in the form of rain, falls 
most commonly on these heights in the form of snow ; 
and if in ordinary seasons it is not uncommon to see as 
much as 400 inches of snow-fall in the course of one 
year in the high valleys of the Alps, it must be con- 
ceived that the quantity must be very considerable 
also on the highest points of the eternal snows.* It 

* According to the Annuaire des Observations MiUorclogiquUt faitu 
d ^i^. Jean de Maurienne by Dr. Mottard, there fell, in 1836^ 72 incnes of 
snow, and 25 inches of water at the bottom of the valley. 

The observations of M. Yenetz, of the YaUis, engineer, ^ve 40 feet 10 
inches 4^ lines as the snow-fall in the valley of Bagnes, in each of the 
years 1818, 1819, 1820, 1821, and 1822. 

CHAPITRE III. 

CAUSES D'ACCROISSEMENT DES GLAaERS-RESEBTOIBS. 

PremUre cause : la neige. 

La neige est sans contredit le moyen le plus abondant employ^ 
par la nature pour entretenir les r^seryoirs de glace; elle y 
tombe dans toutes les saisons de Tannde ; ce qui, dans la plaine, 
arrive sous la forme de pluie, tombe le plus ordinairement sur 
ces hauteurs sous la forme de neige, et si, dans les saisons ordi- 
naires, il n'est pas rare de voir tomber dans les bautes valines 
des Alpes jusqu'i 400 pouces de neige dans le cours d'une ann^, 
on doit concevoir que cette quantity doit 6tre bien considerable 
aussi sur les sommit^s des giaces ^temelles.* Cependant il est 

* D'aprds l*Aimaaire des observations m^ttorolodques f aites k St-Jean-de-Mauriexine 
par M. le docteur Mottard, il est tomb6 en 1836 7^ pouces de neige, et 25 pouoes d'eau 
an has de la yaI16e. 

Les observations de M. Venetz, ing^nieur en Valais, portent & 40 pieds 10 pouces 
4 lignes et demie la neige tomb^e pendant chacune des ann^es 1818, i819, 1820, 1821 
et 1822, dans la valine de Bagnes. 



28 THE GLACIERS OF SA VO 7. 

is very probable, however, that less of it falls on the 
loftiest peaks than in the surrounding valleys, for two 
reasons — ^the first is, that at this height in the atmo- 
sphere vapours are not susceptible of acquiring the 
degree of density that they possess lower down ; the 
second is, that a considerable part of the snow which 
falls upon the top of high mountains is carried away 
by the winds, and forms^an addition to what falls in 
the valleys. 

Second Cause : Rain. 

It is a fact, brought to light by meteorological 
observations, that rain is in general more abimdant 
in lower than in higher regions. Without claiming 
for the observation the precision that science de- 
mands, there are few travellers accustomed to moun- 
taineering who have not been witnesses to this fact. 
Often, from the top of a mountain where the wayfarer 
is enjoying a clear sky and a burning sun, he may hear 
the rolling of thunder below, and see the clouds spread 
and discharge themselves upon the plains. On the 
other hand, travellers have often been surprised by rain 

bien probable qu'ilen tombe moins surle crates les plus Sevdes 
que aaoB les vall^s qui sont autour^ pour deux raisons: la 
premiere est que vers cette hauteur atmosph^rique les vapeurs 
ne sont pas susceptibles d'acqu^rir le degr^ de density qu'elles 
ont plus bas : la seconde est qu'une assez grande paxtie de la 
neige qui tombe sur la cime d Jhautes montagnes e^ emport^ 
par les vents, et vient s'ajouter k celle qui tombe dans les valines. 

Deuxi^me cause : la pluie. 

C'est un fait qui a 4i6 mis au jour par les observations 
m^t^orologiques, que la pluie est en g^n^ral plus abondante dans 
les lieux plus bas que dans les lieux plus ^ev&. Sans y mettre 
la precision que la science exige, il est peu de voyageurs habituds 
k courir les montagnes qui n'aient paM 6t6 tdmoins de ce fait. 
Souvent du sommet d'une montagne oil Ton jouit d'un ciel pur 
et d'un soleil ardent, on entend sous ses pieds les roulements du 
tonnerre, et Ton voit les nuages s'^tendre et se d^harger sur les 
plaines. Cependant plusieurs fois les voyageurs ont 4t4 surpris 
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in these elevated region a It is, therefore, also certain 
that rain falls there, which, infiltrating itself into the 
snow, freezes with it, and helps to convert it into ice. 

Third Cause : Condensation of Vapours. 

There certainly exists between the clouds and the 
tops of mountains an affinity which it is impossible not 
to recoffnize. Even when the sky is clear, the most 
elevated points are seen surrotmded by mists more or 
less thick. If we watch above the valleys a cloud 
floating in the air, when it is not in a state of too 
great agitation, and follow it with the eye, we see it 
graduaUy direct itself towards the highest summit, 
cover it, envelop it, and, without passing beyond, dissi- 
pate itself and disappear at that spot. Mont Blanc, 
in particular, is nearly always hidden, and only now 
and then, so to speak, allows itself to be seen, and 
while the clouds in mid-air sail at the will of the winds, 
those that surround it seem to be chained there by an 
unknown force. 

It is not uncommon, either, to see the cloud spring 

pax des pluies dans ces hautes regions. H est done aussi con- 
stant qu il y tombe de la pluie, qui s'infiltrant dans la neige, se 
cong^le avec elle et contribue k ta, convertir en glace. 

TraisUTne cause : condensation des vapeurs. 

n y a certainement entre les nuages et les cimes des montagnes 
une affinity qu'il est impossible de m^connattre. Alors mSme 
que le ciel est serein, on voit les pointes les plus ^ev^es 
entour^es de brouillards plus ou moins dpais. Si 1 on consid^re 
au-dessus des valines un nuage flotter dans Tair quand I'agita- 
tion n'est pas trop grande, en le suivant de Toeil on le voit pen 
k peu se diriger vers la cime la plus haute, la couvrir, Tenvelopper, 
et, sans passer outre, se dissiper, s'^vanouir en cet endroit. Le 
Mont-Blanc surtout est presque continuellement cach^ et ne se 
laisse pour adnsi dire vou* que par exception, et tandis que les 
nuages qui sont dans le milieu des airs voguent au gr^ des vents, 
ceux qui I'entourent y semblent enchatn^s par une force in- 
connue. 

II n'est pas rare qu'on vole aussi le nuage naitre et grandir 
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into being and grow about ice-clad ridges; it then 
seems to rest there like a cap to cover the summit ; 
from time to time the wind tears from it a few shreds 
that sail in the air ; but, generally speaking, this mist 
is eaten up on the spot. It is easy, as it seems to 
me, to follow the phases of its existence : the vapours, 
deprived of a great portion of their caloric by the 
neighbourhood of the glacier which absorbs it, take the 
vesicular form which renders them visible; the con- 
tinued transmission of caloric makes them pass into the 
state of drops, and they fall upon the glacier. This 
fact is known to all persons who have been much 
of mountain wanderers. When we find ourselves 
suddenly enveloped by one of these mists, we see our- 
selves covered rapidly enough with moisture; the leaves 
of plants, the ground, the rocks are likewise wet as 
after a light rain. If we consider that the top of Mont 
Blanc is nearly always hidden by the mist which closely 
surrounds it, we are forced to give great importance to 
this means of growth. 

All physicists are agreed in acknowledging that a 
considerable part of the moisture spread through the 

autour des crates glacdes : alors 11 parait rester \k comme un 
bonnet ponr couvi^ la chne ; de temps en temps le vent en 
axmche quelques flocons qui voguent (lans les airs ; mais pour 
I'ordinaire ce brouiUard est d^vore sur place. II est facile, ce me 
semble, de suivre les phases de son existence: les vapeurs 
Drives d'une grande partie de leur calorique par le voisinage 
du glacier qui I'absor be, prennent la forme v^iculaire qui les 
rend visibles, la transmission continue du calorique les feit 
passer k I'^tat de gouttes, et elles tombent sur le glacier. Ce 
fiait est connu de toutes les personnes qui ont beaucoup parcouru 
les montagnea Quand tout k coup on se trouve enveloppd d'un 
de ces brouiUards, on se voit assez rapidement convert ahumi- 
dit^, les feuilles des plantes, le sol, les rochers sont eux-m6mes 
moulQ^s comme apr^ une pluie Idgfere. Si Ton considfere que 
le sommet du Mont-Blanc est presque toujours cach^ par ce 
brouiUard qui Tentoure de prfes, on est forc^ de donner ime trfes- 
grande importance k ce moyen d'accroissement. 

Tons les physiciens sont d'accord pour reconnaitre qu'une 
partie considerable de Thumidite rdpandue dans Fair rentre dans 
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air returns to the earth without having passed into the 
state of rain or snow. Vapours brought into contact 
with the rocks yield to them a portion of their caloric, 
are condensed, flow through the fissures, and go into 
internal reservoirs. This condensation of the vapours 
of the atmosphere is considered by many philosophers 
as the most fi:Tdtful source of the alimentation of spring. 
I shall show farther on that they are mistaken ; still, 
they do but exaggerate the power of a phenomenon 
which is incontesteble. 

If it be true that vapours are condensed about rocks 
and on their summits when covered with vegetation, 
we shall easily understand that the condensing power 
of a mountain of ice must be much more considerable. 
In order to appreciate this excess, we should, as it seems 
to me, consider not only the diflference of temperature, 
but also the difference of the heights and of the attrac- 
tive masses that operate in producing condensation. 
But, to consider merely the general fact, we can under- 
stand that the frozen mass of Mont Blanc, isolated in 
the middle of the atmosphere, must produce there the 
effect of the condenser of a steam engine. It can be 



la terre sans avoir pass^ k I'^tat de pluie ni de neige. Les 
vapeurs mises en contact avee les rochers, leur cMent une 
portion de leur calorique, se condensent^ coiilent k travers les 
nssures, et vont dans les i^rvoirs int^rieurs. Cette condensa- 
tion de vapeurs de Tatmosph^re est consid^r^e par beaucoup de 
savants comme la cause la plus fi^conde de Talimentation de {ale) 
sources. Je montrerai plus tard qu'ils se trompent ; mais ils ne 
font qu'exag^rer la puissance d'un ph^nomfene que est incon- 
testable. 

Si les vapeurs se condensent autour des rochers et sur leurs 
cimes couvertes de v^gdtation, on comprendra facilement que la 
puissance condensatrice d'une montagne de glace doit ^tre bien 
plus considerable. Pour apprdcier cet excddant, il faudrait, ce 
me semble, non-seulement consid^rer la difference de tempera- 
ture, mais encore la difference des hauteurs et des masses 
attractives agissant pour la condensation. Mais k ne consid^rer 
que la generality du fait, on cbmprend que la masse glacee du 
Mont-Blanc isoiee au nulieu de I'atmosphfere, doit y produire 
Teffet du oondensateur des machines k vapeur. On peut etablir 
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established, in principle, that every globule of vapour 
that touches it is immediately absorbed, and a^ the 
absorption of a globule creates a vacuum, it is instantly 
replaced by the globule which was behind, and so on. 
Or, if you will, abstracting the idea of atmospheric air, 
we may consider the mountain top as surrounded by 
a number of infinitely thin envelopes of moisture, 
and absorbing in succession those envelopes of vapour 
which are pressed agamst the surfa<5e of the glax^ier by 
the effect of the elastic force of the atmospheric fluids. 
This absorption, which must be continual, must yet be 
greater when the temperature of the air is higher. 

These assertions as to the condensation of vapours 
are in perfect conformity with the results given by the 
hygrometrical experiments made by M. de Saussure on 
the summit of Mont Blanc. This philosopher found 
that at noon the air at the summit of Mont Blanc con- 
tained six times less humidity than at Geneva on the 
same day and at the same hour. Nearly the same pro- 
portion exists between Mont Blanc and Chamonix. 
Each cubic foot of air taken at the summit of the 
glaciers contained only one grain and seven-tenths of 

on principe que tout globule de vapeur qui la touche est imm^- 
diatement absorb^, et comme un globule absorb^ fait im vide, il 
est aussitdt remplac^ par le globule qui ^tait denifere, et ainsi 
de suite. Ou, si Ton veiit, en faisant abstraction de Tair atmos- 
ph^riqae> on pent consid^rer la cime de la montage comme 
entourde de diverses enveloppes humides infiniment minces, et 
absorbant successivement ces enveloppes de vapem^ qui se 
pressent contre la surface du glacier par Teffet de la tension des 
fluides atmosph^riques. Cette absorption, qui doit 6tre con- 
tinuelle, doit pourtant 6tre plus grande quand la temperature de 
Tair est plus ^lev^e. 

Ces assertions sur la condensation des vapeurs sont parfaite- 
ment conformes aux r^sultats donnas par les experiences 
dhygrom^trie faites par M. de Saussure au sommet du Mont- 
Blsuic. Ce savant a trouv^ qu'^ midi Tair au sommet du Mont- 
Blanc contenait six fois moins d'humiditd qu'^ Genfeve au mSme 
jour et k la mSme heure. Cette m&me proportion k peu de 
difference pres existe entre le Mont-Blanc et Chamonix. Chaque 
pied cube d'air pris au sommet des glaciers ne contenait qu'uA 
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water in the form of vapour, whilst at Geneva it con- 
tained a little more than ten graina We can onlv, as 
it seems to me, attribute this difference to the rapidity 
of the condensation. 

There are a host of observations which, so to speak, 
render palpable the phenomenon of condensation. In 
the middle of summer a caraffe of fresh water is covered 
in a short time with a film of dew, of which the 
drops run together and flow down the sides of the 
vesseL 

During winter, when the temperature exceeds six or 
seven degrees of cold, the windows of heated and in- 
habited rooms are covered during the night with a 
layer of ice, whose thickness sometimes exceeds the 
twelfth of an inch. This is on a small scale what takes 
place on a great scale upon the glaciers. 

The inhabitants of the high Alps of Switzerland 
have remarked that the movements of glaciers such as 
avalanches, falls of ice-blocks, opening of cracks, are 
more frequent in moist weather, on the approach of 
rain ; the reason being that, as the condensation is then 
more considerable, the ice receives an increment which 



grain sept dixi^mes d'eau r^duite en vapeur, tandis qu'& Geneve 
11 en contenait un peu plus de dix grains. On ne peut, ce me 
semble, attribuer cette difference qu'& la rapidity de la conden- 
Bation. 

H y a une foule d'observations qui rendent pour ainsi dire 
palpable le ph^nomfene de la condensation. Au milieu de T^t^, 
une caraffe d'eau fraiche se couvre en peu de temps d'une 
couche de ros^e dont les gouttes se rassemblent et coulent le 
long des parois du vase. 

Pendant Thiver, quand la temperature d^passe six ou sept 
degr^s de froid, les vitres des appartements chauff^s et habites 
se couvrent pendant la nuit d'une couche de glace dont T^pais- 
seur d^passe quelquefois une ligne. C'est, en petit, ce qui se 
produit en grand sur les glaciers. 

Les habitants des hautes Alpes de la Suisse ont remarqu(^ 
que les mouvements des glaciers,' comme les avalanches, les 
diutes, les fentes, sent plus frequents dans les temps humides, 
aux approches des pluies ; la raison en est que la condensation 
^tant alors plus considerable, les glaces re9oivent un accroisse- 

c 
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over-loads it, and destroys the equilibrium which ex- 
isted between their weight and their cohesion. 

These considerations might perhaps furnish the ex- 
planation of a phenomenon which is observed in all the 
high valleys of the Alps. It is this : In passing 
through the Valine de Maurienne (which I select to 
quote, because it was there that I first observed the 
phenomenon in question) we see that all the trees at the 
bottom of the valley are inclined towards the upper end 
of the same valley ; a circumstance which forces us to 
conclude that the winds blow chiefly in that direction. 
In fact, those who inhabit these valleys know that, from 
the first days of April to near the end of September, 
every day towards nine o'clock in the morning, a wind 
rises which blows up the valley, and which, after having 
acquired the maximum of its intensity towards two or 
three o'clock, ends with the day. It is felt only in the 
valley, and those who are at the top of the mountains 
do but see its effects from a distance. This astonishing 
periodicity strongly excited my curiosity. I sought for 
the solution of the problem ; I give here that which 
has appeared to me the most plausible, without how- 



tnent qui les surcharge et rompt r^quilibre qui existait entre 
leur pesanteur et leur solidity. 

Ces considerations pourraient peut-^tre foumir rexplication 
d'un ph^nom^ne qui se manifeste dans toutes les hautes vall^ 
des Alpes. Le voici: en parcourant la vall^ de Maurienne, 
que je cite de pr^fi^rence parce que c'est Ik que j'ai pour la 
premifere fois ooserv^ le ph^nomfene dont il s'agit, on voit 
que tous les arbres du fond de la vallfe sont inclines vers 
le haut de cette meme valine, ce qui oblige de suite k con- 
clure que les vents soufflent plus ordinairement dans cette 
direction. En effet, ceux qui habitent ces valines savent que, 
depuis les premiers jours d'avril jusque vers la fin de septembre, 
tous les jours vers les neuf heures du matin on sent s'^lever un 
vent qui remonfce, et qui aprfes avoir acquis le maximum de son 
intensity vers les deux ou trois heures, finit avee le jour. II ne se 
fait sentir que dans la valine, et ceux qui sont au sommet des 
montagnes n'en voient les effets que de loin. Cette ^tonnante 
periodicity a vivement piqu^ ma curiosity. J'ai cherch^ la 
solution du problSme ; je donne ici celle qui m*a paru la plus 
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ever placing entire faith in it. When deaUng with 
the investigation of the causes which produce the phe- 
nomena of nature, I mistrust my own theories as much 
as those of others. I give the idea that has suggested 
itself to me ; if it be untenable^ I shall with pleasure 
see justice executed upon it. 

It is in the middle of the day that evaporation^ being 
favoured by the increase of temperature, is most con- 
siderable. It is also in the middle of the day that the 
difference of temperature between the glaciers and the 
vapours of the atmosphere is most considerable. If 
then there be at the summit of the chain of the Alps 
a great absorption of vapour in the neighbourhood of 
the snows, ice, and granite peaks, is it not natural that 
the vacuum produced in the mid-region of the atmo- 
sphere should be filled up by the vapours which continue 
to be formed at the bottom of the valleys, and that a 
current should be thus established whose direction 
would be towards the upper end of the valley ? 

Moreover, the hygrometrical observations of M. de 
Saussure have proved that, ccBteris paribus, the quan- 
tity of vapour held in suspension in the air becomes 
less on these heights, and the reasons which may be 

plausible, sans cependant y ajouter une entifere foi. Quand il 
s'agit de la recherche des causes productrices des ph^nomfenes de 
la nature, je me d^fie autant de mes propres syst^mes que de 
ceux des autres. Je donne la pens^e qui m'est venue ; si elle 
est fausse, je verrai avec plaisir qu'on en fasse justice. 

C'est au milieu du jour que, favoris^e par T^^vation de la 
temperature, la vaporisation est plus considerable ; c'est aussi au 
milieu du! jour que la difference de temperature entre les glaciers 
et les vapeurs de Tair se trouve plus considerable. Si done ily 
a au sommet de la chaine des Alpes une grande absorption de 
vapeur autour des neiges, des glaces et des aiguilles granitiques, 
n'est-il pas naturel que le vide produit dans la partie moyenne 
de Tatmosphfere soit combie par les vapeurs qui continuent k se 
former au fond des valiees, et qu*il s'etablisse ainsi un courant 
dont la direction serait vers le haut des valiees ? 

D'adlleurs les observations hygrometriques de M. de Saussure 
ont prouve que, toutes choses egailes, la quantite de vapeur tenue 
en mssolution dans I'air devient moindre sur ces hauteurs, et 
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given for such a phenomenon are that, there, eyapora- 
tion is almost nothing, whilst absorption must be very 
great ; it is therefore not surprising that the quantity 
which remains in the atmosphere should be less than 
what there is in the lower portion of the valleys. 

Lastly, it is also a recognized fact that during the 
day the formation of vapours gives rise to a wind 
ascending vertically, and that during the night the 
vapours in course of condensation must fall and give 
rise to a contrary movement, except of course in the 
high valleys, where the vapours do not return, because 
they have been absorbed on the cold summits. But 
this movement of air, which in the plains is purely ver- 
tical, must follow the slope of the valleys in which 
the condensation is effected. I might develop this sub- 
ject further, but I think I have said enough to put the 
reader on the track. I shall conclude by quoting an 
observation of M. de Saussure, which tends to cor^rm 
my theory. 

On approaching the plain of the Mont Cenis . . 
I observed a meteorological phenomenon of great 
interest by reason of the conclusions that may be 






les raisons que Ton peut en donner sent que la vaporisation y 
est presque nulle, tandis que rabsorption doit y fetre tr^- 
grande; il n'est done pas ^tonnant que la quantity qui 
reste dans ratmosph^re soit moindre que celle qui est au bas 
de valines. 

Enfin, e'est encore une chose reconnue que, pendant le jour, 
la formation des vapeurs donne lieu k un vent vertical ascen- 
sionnel, et que, pendant la nuit, les vapeurs en voie de 
coDdensation doivent s'abaisser et donner lieu k un mouvement 
contraire; excepts pourtant dans les hautes valines, oil les 
vapeurs n'ont pas de retour, puisqu'elles ont ^td absorb^es sur 
les cimes froides. Mais ce mouvement d'air, qui est purement 
vertical dans les plaines, doit suivre la pente des valines oil la 
condensation s'opfere. Je pourrais donner k ce sujet d'autres 
d^veloppements, mais je crois en avoir dit assez pour mettre sur 
la voie. Je terminerai en citant une observation de M. de 
Saussure, qui tend k confirmer ma throne : 

*' En approchant la plaine du Mont-Cenis .j'observai un 

" ph^nom^ne mdt^orologique bien int^ressant par les induction9 
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"drawn from it. The valley of the Mont Cenis is 
" open to the north-west on the Savoy side, and to the 
" south-east on the Piedmont side, whilst on the north- 
" east and south-west it is bounded by high mountains. 
" Towards the evening, the valleys, as well on the side 
"of Piedmont as on that of Savoy, were filled with 
clouds, and by a very remarkable chance the wind 
was blowing in opposite directions in Savoy and Pied- 
" mont. Thus the meeting place of these winds was 
in the valley of the Mont Cenis, and the cleuds were 
seen entering this valley by its two opposite extremi- 
ties. One would suppose, therefore, that it must 
soon have been filled with clouds ; but not at all ; no 
sooner did they enter, whether on one side or on the 
" other, than they melted in the air and disappeared 
" altogether ; so that, in spite of the quantity of clouds 
"which ceased not to pour into the valley, the air 
" remained ever clear and transparent." (Voyages dans 
les AlpeSf tom. 3.) 

During the night the wind changes and descends 
from the heights towards the lower parts, but it is 
feeble, and scarcely makes itself felt except upon the 
smoke which it carries away. The quantity of air which 

" que Ton peut en tirer. La vallfe du Mont-Cenis est ouverte 
" au nord-ouest du c6t^ de la Savoie, et au sud-est du c6td du 
" Pigment, tandis qu'au nord-est et au sud-est (sic) elle est bord^e 
" de hautes montagnes. Sur le soir, les vall^s, tant du cdt^ du 
" Pigment que du c6t^ de la Savoie, ^taient remplies de nuages, 
''et par un hasard assez extraordinaire, il soufflait des vents 
" oppos^ en Savoie et en Pigment. Ainsi le rendezvous de ces 
" vents ^tait dans la valine du Mont-Cenis, et Ton voyait des 
"nuages entrer dans cette valine par ses deux extr^mit^s 
"oppos^es. On croirait done qu'elle aurait du 6tre bient&t 
" remplie de nuages, et point du tout ; k mesure qu'ils y entraient, 
"soit d'un c6t^, soit de Tautre, ils se fondaient dans Tair et 
" disparaissaient entiferement ; en sorte que maJgr^ la quantity 
" de nuages qui ne cessaient d'y entrer, Tair y demeurait toujours 
"clair et transparent." (Voyage dans les Alpes, tom. 3.) 

Pendant la nuit le vent change et descend des hauteurs vers 
le has, mais il est faible et n'est gahre sensible que sur la fumde 
qu'il emporte. La quantity d'air qui revient dans la plaine est 
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returns to the plain is due, T think, only to the conden- 
sation of the atmospheric air. This condensation must 
be especially considerable in low places, because the 
difference of temperature between the middle of the 
day and the middle of the night is greater here than 
in elevated places, where it is scarcely perceptible. 
Thus, during the day two causes contribute to produce 
the ascending wind—evaporation and expansion ; or, if 
you will, two quantities of fluid rise — ^the vapour pro- 
duced and the expanded air; hence the wind is strong 
and rapid. But in the evening, the vapour having 
been absorbed, one quantity alone returns — ^viz., the 
condensed air; and hence the wind is feebler. 

More than a year had elapsed since I had written 
this passage, on a meteorological phenomenon of the 
valleys, which has always appeared to me as in- 
teresting to study as it is difl&cult to explain, when 
the paper of M. Foumet, Professor in the Faculty 
of Sciences of Lyons, appeared. The learned pro- 
fessor has made a complete study of the day and night 
breezes around mountains. The fact of the diurnal 
ascending winds is perfectly established in his work. 



due, je pense, k la seule condensation de Fair atmosph^rique. 
Cette condensation doit 6tre surtout considerable dans les lieux 
has, parce que la difference de temperature entre le milieu du 
jour et le milieu de la nuit est plus grande sur ee point que 
dans les lieux eiev^s, oil elle est k peine sensible. Ainsi, 
pendant le jour, deux causes eontribuent k produire le vent 
ascensionnel : la vaporisation et la dilatation, ou, si Ton veut, 
deux quantitds de fluides s'^lfevent : la vapeur produite et Tair 
dilate; dfes lors le vent est fort et rapide. Mais le soir, la 
vapeur ayant 4i6 absorb^e, une seule quantity revient, k savoir : 
Tair condense; et dfes lors le vent est plus faible. 

II y avait plus d'une annee que j'avais ecrit ce passage sur 
un phenomfene meteorologique des valiees, qui ma toujours 
paru aussi interessant k etudier que difficile k expKquer, quand 
a paru le Memoire de M. Foumet, professeur k la faculte des 
sciences de Lyon, Le savant professeur a fait une etude com- 
plete des brises dejour et de nuit autour des montagnes, Le 
fait des vents ascendants diumes est parfaitement etabli dans 
son ouvrage. Peut-6tre y aurait-il quelque chose de plus k 
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Perhaps there may be something left to desire as 
to the evening breeze, which is not so well known 
with respect to the hours at which it commences, at 
which it acquires its greatest force, and at which it 
ceases to be perceptible ; its intensity relatively to that 
of the day breeze is not sufficiently appreciated, either ; 
but all the circumstances of atmospheric pressure, of 
temperature, and of hygrometry that accompany the 
phenomenon have been examined by M. Foumet with 
88 much precision as it is possible to bring to bear 
upon the examination of a question which has been 
submitted but quite lately to the attention of men of 
science. 

In his theoretical discussion, M. Foumet applies to 
the present case the principles enunciated in Hie Physique 
du Globe of M. Saigey. His explanation is summed up 
in the following axiom, which is taken from the author 
just cited — " Whenever the air is heated, it flows from 
"low places towards high places; and it cannot cool 
'' without flowing in part from high places toward low 
"places/' So that, in the cause he assigns for the 
ascending wind of mountain regions, M. Foumet takes 
into account only the expansion of atmospheric air 

d^sirer relativement k la brise du soir, qui n'est pas aussi bien 
connue quant aux heures oii elle commence, oil elle a acquis sa 
plus grande force, et oil elle cesse d'etre sensible ; son intensity 
relative k celle du vent diume n'est pas non plus suffisamment 
apprfei^e ; mais toutes les circonstances de pression atmosph^- 
rique, de temperature et d'hygrom^trie qui acisompagnent le 
phdnom^ne, ont 6i6 examinees par M. Foumet, avec autant de 
precision qu'il est possible d'en mettre dans Texamen d'une 
question qui n'est soiunise que depuis pen de temps k Tattention 
des physiciens. 

Dans sa discussion thdorique, M. Foumet applique au cas 
present les principes dnonc^ dans la Physique a/a globe de M. 
Saigey. Son explication se resume dans Taxiome suivant, qui 
est encore de Tauteur que nous venons de citer : " Toutes les 
"fois que Tair se r&hauffe, il afflue des lieux has vers les lieux 
"^ev^s; et il ne pent se refroidir, sans couler en partie des 
" lieux ilev^B vers les lieux bas." De sorte que M. Foumet ne 
fait entrer que la dilatation de Tair atmosph^rique par M^vation 
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by reason of increase of teraperature. In spite of the 
regard I entertain for the opinion of so distinguished a 
philosopher, I hold to the belief that the condensation 
of vapour on cold and icy summits must enter as a 
principal element into the theory of the day and night 
breezes of high valleys. 

In fine, combining the three causes that contribute 
to the maintenance of reservoir glaciers, it would be 
interesting to determine the mass that is supplied to 
them each year. But one feels that it is impossible 
to have on this subject anything but conjectures more 
or less probable ; it is here especially that we want, 
and always shall want, observations, which must be the 
first element to bring to a comprehension of nature. 
We know, however, that the days are very few when 
the summit of Mont Blanc is laden with neither snow, 
nor rain, nor mist. Those who wish to undertake the 
ascent are often forced to wait long before they find a 
favourable day, and they are even often forced to retrace 
their steps on account of storms. 

Again, we know that the formation of ice is rapid on 



de la temperature, dans la cause qu'il assigne au vent ascen- 
sionnel des montagnes. Malgr^ la consideration que je professe 
poor ropinion d'un savant aussi distingu^, je persiste k croire 
que la condensation des vapeurs au sommites froides et glac^es 
doit entrer comme element principal dans la throne des brises 
de jour et de nuit des hautes valines. 

Enfin, combinant entre elles les trois causes qui contribuent 
k Tentretien des glaciers-reservoirs, il serait int^ressant 
d'arriver k la masse qui leur est fournie chaque amide ; mais on 
sent qu'il n'est possible d'avoir sur ce sujet que des conjectures 
plus ou moins vraisemblables ; c'est surtiout ici que dous 
manquons et que nous manquerons toujoujs des observations 
qui doivent &tre le premier element pour mener k TinteUigence 
de la nature. Cependant nous savons que les jours oil la neige, 
la pluie ou les brouillards ne chargent pas le sommet du Mont- 
Blanc sont tr^s-rares dans Tannee; ceux qui veulent entre- 
prendre de le visiter sont souvent forces d'attendre long-temps 
avant de trouver un jour propice, et souvent mSme ils sont 
forces de rebrousser cbemin k cause des orages. 

Nous savons encore que la formation des glaces est rapide 
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these heights. M. de Saussure could not find^ on 
descending, the track which he had made the evening 
before. 

In the end of August, 1837, there were two ascents 
which succeeded perfectly ; the first party, which was 
numerous, had traced on the snow and on the ice a path 
which could be followed by the eye from the village of 
Chamonix ; they had cut an ascent of 80 steps in the 
living ice, and for all that, the second party, who passed in 
the same place two days afterwards, coidd find no trace 
of path or steps. There had been neither rain nor snow ; 
everything had been effaced by the wind and the con- 
densltion of vapour. These ^e fax^ts having been 
observed several times by other travellers, we may con- 
clude that the effects of condensation are considerable. 

Taking as our starting point what happens else- 
where, we may, I think, without exaggeration suppose, 
first, that the layer of vapour condensed each day 
amounts to the thickness of the twelfth of an inch, which 
would give an increment, from vapour, of 30 inches a 
year ; but, to be under the mark, let us reduce this 
amount to one-half. Secondly, supposing that at the 

sur ces hauteurs. M. de Saussure ne trouvait plus, en rede- 
scendant, le chemin qu'il avait trac^ la veiUe. 

A la fin d'aotlt 1837, il y a eu deux ascensions qui ont 
parfaitement r^ussi ; la premiere caravane, qui ^tait nombreuse, 
avait trac^ sur la neige et sur la glace un chemin que Ton 
pouvait suivre de Toeil depuis le bourg de Chamonix ; elle avait 
taill^ un escalier de 80 marches dans la glace vive, et pourtant 
la seconde caravane qui passa dans le mSme endroit, deux jours 
aprfes, ne trouva plus aucune trace de chemin ni d'esealier. II 
ny avait eu ni pluie ni neige, tout avait ^t^ effac^ par le vent 
et la condensation des vapeurs. Ces mSmes faits ayant 4i6 
plusieurs fois observe par ^autres voyageurs, on peut en con- 
dure que les effets de la condensation sont considerables. 

En prenant pour point de depart ce qui se passe aiUeurs, on 
peut, ce me semble, sans exag^ration, supposer, 1** que la couche 
de vapeur condens^e chaque jour s'^feve k une ligae d'^paisseur, 
ce qui donnerait par la vapeur un accroissement de 30 pouces 
par ann^e ; mais pour rester plutdt en dessous, rdduisons cette 
somme k moiti^ ; 2^ en supposant qu'au soznmet du Mont-Blanc 
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summit of Mont Blanc the quantity of snow which 
falls in one year is less than in the valleys which 
surround it, I think that there is no exaggeration m 
placing the quantity at 100 inches. Thirdly, the mean 
rainfall upon plains within the tropics is about 20 
inches : but at the foot of the Alps, in the high val- 
leys, this mean rises considerably, and may oe esti- 
mated, I think, at 23 or 24 inches. The observations 
of M, Mottard, made at Saint Jean de Maurienne, 
put it at 25 inches and two-tenths for 1836 ; those of 
the Abbd Chamousset put it at about 29 inches for 
the year 1839. But, as it is to be presumed that 
rain is less abundaixt at great heights, we may reduce 
this quantity by more than one -half, and fix it at 12 
inches. 

Before deducing the total increment which Mont 
Blanc must receive every year, there are several re- 
marks to be made — the first is, that the three elements 
of which we have just spoken are reduced to ice, 
and consequently change their volume. Water and 
condensed vapour are augmented by one-fourteenth of 
their volume on reaching congelation, and snow loses 

la quantity de neige qui tombe dans une ann^e est moindre que 
dans les valines qui Tentourent, je pense qu'il nV a pas d'ex- 
ag^ration k porter cette quantity k 100 pouces ; 3 la moyenne 
des pluies dans les plaines intertropicales est d'environ vingt 
pouces ; mais au pied des Alpes, dans les hautes valines, cette 
moyenne s'^feve consid^rablement, et peut se porter, je pense, 
de 23 k 24 pouces. Les observations de M. Mottard, £a.ites k 
Saint-Jean-de-Maurienne, portent 25 pouces 2/10 pour 1836 ; 
celles de M. Tabb^ Chamousset la portent k 29 pouces environ 

£our Tannic 1839. Cependant, comme il est k pr^sumer que 
b pluie est moins abondante sur les grandes hauteurs, nous 
pouvons r^duire cette- quantity de plus de moiti^, et porter 12 
pouces de pluie. 

Avant de d^uire le total d'accroissement que le Mont-Blanc 
doit recevoir chaque ann^e, il y a plusieurs observations k faire: 
la premiere est que les trois ^^ments dont nous venons de 
parler se r^duisfent en glace, et par consequent changent de 
volume ; Teau et la vapeur condens^e augmentent d'un 14® de 
leur volume en arrivant k la congelation; et la neige en perd 



M. BEND IPS THEORY. 43 

much more in its conversion to the state of ice. The 
ice, however, which results from this last formation is 
not a compact and pure ice like that formed on the 
surface of a lake : it is mixed with everything that the 
winds incessantly carry on to its surface ; it is bubbly, 
filled with small globules of air. When, in crevasses 
in which we can look at the profile of a glacier, we 
see difierent beds distinct in colour, but above all 
in density, some seem to have the hardness and 
fireenish colour of ice, and others preserve the white- 
fee, and porosity of snow. The^ are in tte n>.» 
both large and small layers. Each of the first, no 
doubt, represents a year^ and each of the second 
represents, perhaps, a season, a day of rain, a fall of 
snow, a period ofNiolent sun-heat. If we compare in 
weight two cubes of ice of equal dimensions, the one of 
compact ice, and the other of ice containing air bubbles, 
the first will weigh about one-quarter more than the 
second. It seems to me, therefore, that the 1 5 inches of va- 
pour, and the 12 inches of rain, will give about 33 inches 
of aerated ice. We must add to this the result of snow. 



beaucoup plus pour arriver k Tdtat de glace, dependant la 
glace qui r^sulte de cette dernifere formation n'est pas une 
glace compacte et pure comme celle qui se forme k la surface 
d'un lac ; elle est m^lang^e de tout ce que les vents apportent 
sans cesse h. la surface; elle est bulleuse, remplie de petits 
globules d'air. Quand, dans les crevasses oil Ton pent aperce- 
voir le profil d'un glacier, on voit diflKrentes couches distinctes 
par la couleur, mais surtout par la density, quelques-unes 
semblent avoir toute la duret^ et la couleur verdAtre de la 
glace, et d'autres conservent la blancheur et la porosity de la 
neige. II y a dans Tensemble de grandes et de petites assises. 
Les premiferes repr^sentent sans doute les ann^es, et les secondes 
repr^sentent peut-6tre une saison, un jour de pluie, une chute 
de neige, un violent coup de soleiL Si Ton compare par le 
poids deux cubes de glace d'dgales dimensions, Tun de glace 
compacte et I'autre de glace bulleuse, le premier pdsera un 
quart environ plus que le second. II me paraifc done que les 
16 pouces de vapeur et les 12 pouces de pluie peuvent donner 
en glace bulleuse environ 33 pouces. II faut ajouter k cela le 
rdsultat de la neige. 
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I have put the snow of one year at 100 inches; we 
ought to know by how much this volume will be re- 
duced in passing to the state of ice. To arrive at this, 
I made some experiments, and found that snow which 
had fallen within a week, and in weather which had 
never ceased to be below the freezing point, only 
gave one-eighth of its volume when reduced to water, 
and that this quantity increased in proportion as the 
snow became harder, by being subjected to a higher 
temperature. I found some which gave one-third of 
its volume when reduced to water ; but since, at the 
summit of Mont Blanc, the temperature is below the 
freezing point, we shall take the first experiment as 
our starting point, and shall have 100 inches of snow 
yielding about 12 inches of water, which in their turn 
will give us about 15 inches of ice containing air 
bubbles, and we shall have for the total increment 
15 + 33 = 48 inches of ice, which will come to be 
added every year to the mass of the reservoir glacier. 

It must be apparent that in most of these calcu- 
lations I may for want of exact observation be either 
above or below the truth ; but I have sought rather to 



J'ai port^ ^100 pouces la neige d'lme ann^e; il faudrait 
savoir de combien ce volume se r^duirait en passant k I'^tat de 
glace. Pour y parvenir j'ai fait quelques experiences, et j'ai 
trouv^ que la neige tomb^e depuis huit jours par un temps qui 
n'avait pas cess^ d'etre au-dessous de zdro, ne donnait, rdduite en 
eau, qu'un 8® de son volume, et que cette quantity s'^evait h» 
mesure que la neige devenait plus dure en ^tant soumise k une 
temperature plus eiev^e. J'en ai trouve qui a donne, r^duite 
en eau un tiers de son volume ; mais comme au sommet du, 
Mont-Blanc la temperature est au-dessous de z^ro, nous parti- 
rons de la premifere experience, et nous aurons 100 pouces de 
neige foumissant environ 12 pouces d'eau, qui k leur tour nous 
donneront environ 15 pouces de glace bulleuse, et nous aurons 
pour accroissement total 15 p«* X 33 p®^ = 58 pouces de 
glace (die), qui viendrait chaque annee s'ajouter k la masse du 
glacier-reservoir. 

On sent que dans la plupart de ces evaluations j'ai pu, 
manquant d'observations precises, me placer en dessus ou en 
dessoufl de la verite ; mais j'ai plutot cherche k rester en 
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keep below it. If then the reservou: glaciers lost 
nothing of what they receive, we should see them rise 
in the air until they had passed beyond the regions 
accessible to aqueous vapour. Mont Blanc in particular 
would rise more than 400 feet in a century, and more 
than 4,000 feet in a thousand years. Now it is quite 
evident that nothing of the kind takes place in nature. 

The economy of tjie world would soon be destroyed if 
at certain particular points there could be accumulations 
of matter. The centre of gravity of the globe would 
be insensibly displaced, and perturbation would take 
the pla^e of the aLurable reg^arity of its movements. 
If the poles did not return to the equatorial seas the 
waters which, in the form of vapour, take their depar- 
ture day by day from those burning regions to go and 
be converted into ice at the two extremities of the 
earth, the ocean would be exhausted, and life would 
cease with water to circulate in the world. The con- 
servative will of the Creator has used for the perman- 
ance of His work the vast and powerful law of drcu- 
lotion, which, when examined closely, is found to be re- 
produced in all parts of nature. Water circulates from 



t 



dessous. Si done les glaciers-reservoirs ne perdaient rien de ce 
qu'ils recjoivent, on les verrait s'^lever dans les airs jusqu'Jb ce 

u'ils eussent ddpass^ la region accessible aux mdtdores aqueux. 

6 Mont-Blanc en partieulier s'flfeverait de plus de 400 pieds 
par sifecle et de 4,000 pieds dans mUle ans. Or, il est bien 
evident que rien de semblable n'a lieu dans la nature. 

L'^conomie du monde serait bient6t d^truite, s'il pouvait y 
avoir sur certains points particidiers des acciunulations de 
mati^re. Le centre de gravity du globe se trouverait insensible- 
ment d^plac^ et la perturbation succfederait k Tadmirable 
r^gularit^ des mouvements. Si les p61es ne renvoyaient pas 
aux mers ^quatoriales les eaux qui, r^duites en vapeur, partent 
chaque jour de ces regions briilantes pour aller se convertir en 
glace aux deux extr^mit^s de la terre, TOc^n s'^puiserait et la 
vie cesserait avec Teau de circuler dans le monde. La volont^ 
conservatrice du Cr^ateur a employ^ pour la permanence de 
son ouvrage la vaste et puissante loi de la circulation, qui, 
examinee de prfes, se trouve reproduite dans toutes les parties 
de la nature. L'eau circule de I'Ocdan dans les airs, des airs sur 
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the ocean into the air, from the air on to the land, and 
from the land into the seas — " The rivers return from 
whence they came forth, that they may flow anew," 
says the Holy Spirit (Eccles. ix. 1, 7); the air circulates 
round the globe, and, so to say, upon itself, in passing 
and repassing successively through all the heights of 
the atmospheric column. The elements of organic 
substance circulate in passing from the solid to the 
liquid or gaseous state, and from that to the state of 
solidity and organization. That universal agent which 
we designate by the name of heat, light, electricity, 
and magnetism, has probably also a round of circuLa- 
tion as extended as the universe. If some day its 
movement should be better known to us, it is probable 
that it will give us the solution of a host of problems 
which still weigh upon the human mind. Carried 
into every part of the whole, circulation is still the 
law of life, the mode of action employed by Provi- 
dence in the administration of the universe. In the 
insect, as in the plant and as in the human body, 
there is a circulation, or rather several circulations, of 
blood, of humours, of elements, of fire, and of all that 
enters into the composition of the individual. 

la terre, et de la terre dans les mers ; " Les riviferes retoument 
" d'oii elles sont sorties, afin qu'elles coulent de nouveau," dit 
TEsprit saint. Eccles, 9, 1, 7 ; Tair circule autour du globe et 
pour ainsi dire sur lui-m^me, en passant et repassajit suc- 
cessivement par toutes les hauteurs de la colonne atmo- 
sph^rique. Les ^Idments de la substance organique circulent 
en passant de T^tat solide k T^tat liquide ou a^riforme, et de 
celui-ei k T^tat de soliditd et d'organisation. Get agent 
universel que nous d^signons sous les noms de feu, de lumifere, 
d'^lectricitd et de raagn^tisme, a probablement aussi un cerde 
de circvZation aussi dtendu que Tunivers. Si quelque jour son 
mouvement pouvait nous 6tre mieux connu, il est probable 
qu'il nous donnerait la solution d'une foule de problfemes qui 
pfesent encore sur Fesprit humain. Ramen^e dans chaque 
partie du tout, la circulation est encore la loi de vie, le mode 
d'action employ^ par la providence dans Tadministration de 
Tunivers. Dans Tinsecte comme dans la plante et comme dans 
le corps humain, il y a une circulation, ou plut&t plusieurs 
circulations de sang, dhumeurs, d'^^ments, de feu et de tput 
ce qui entre dans la composition de Tindividu. 
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And we ourselves — spirit, intellect, and will— do not 
we also obey the universal law of circulation in return- 
ing by the path of humanity into the very bosom of 
God, from whence we spnmg ? Should it be thought 
that I am wandering from my subject, I would answer 
that it is impossible that a profound study of nature 
should fail to lead us back to God. 

" It must not then be believed," says M. de Saussure,* 
** as some persons have supposed, that the thickness of 
" the ice is continually increasing. Here, as in so many 
"other cases, the causes of increment find limits at 
"which the causes of destruction overpower them, and 
" at which nature has fixed for herself boundaries which 
" she never oversteps." 

M. de Saussure tried to ascertain the thickness of ice 
which covers the summit of the colossus of the Alps. 
In several places where this thickness is visible on 
the flanks of rocks, he measured it, and found only 
cuttings of from 12 to 50 feet. His opinion is that 
nowhere does it exceed 200 feet. In fact we see in 

* Voyage dans lea AlpeSy tome 4, p. 204. 



Et nous-memes, esprits, intelligences et volenti, n'ob^issons- 
nous pas aussi k la loi universelle de la circulation, en retourn- 
ant par la voie humanitaire j usque dans le sein de Dieu d'oti 
nous sommes sortis ! Si Ton trouvait que je m'^carte de mon 
sujet, je r^pondrais qu'il est impossible que i^tude approfondie 
de la nature ne ramSne pas k Dieu. 

" II ne faut done pas eroire, dit M. de Saussure,* comme 
"Tont suppose quelques personnes, que I'^paisseur des glaces 
"augmente eontinuellement. Ici, comme en tant d'autres 
"occurrences, les causes d*accroissement trouvent des limites 
"oil les causes de destruction les atteignent, et oti la nature 
"s'est fix^e h, elle-m^me des homes qu'eUe ne d^passe jamais." 

M. de Saussure a cherchd h, connattre quelle pouvait fetre 
r^paisseur de glace qui recouvre la cime du colosse des Alpes. 
Dans plusieurs endroits oil cette dpaisseur est visible sur le 
flanc des rochers, il Ta mesur^e et n'a trouv^ que des tranches 
de 12 ll 50 pieds; son opinion est que nuUe part elle ne d^passe 
deux cents pieds. En eflfet, on voit dans plusieurs endroits au- 

* Voyage dans les Alpes, tdme 4, p. 204» 
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several places below the summit rocks belonging to the 
kernel of the mountain jutting out as aiguilles above 
the surface of the snow ; a circumstance which suf- 
ficiently proves that its increase is not unlimited, and 
that its mass is always very nearly the same. 



CHAPTER IV. 

OF THE CAUSES OF DIMINUTION IN RESERVOIR GLACIERS. 

In pointing out the causes of decrease in the higher 
glaciers, M. de Saussure reckons three only — ^viz., melt- 
ing, whether of the bottom or of the surface, evaporation, 
and winds.* It is very surprising that the learned ex- 
plorer of the Alps, who points out in several passages 
of his M^moires the true system of the formation of 9ie 
lower glaciers, appears in this and in some other places 
not to have very just notions as to the unity which 

* Voyage dans les Alpes, torn. 4^ p. 204. 



dessous de la cime, les rochers appartenant au noyau de la 
montagne, ddpasser en aiguilles la surface des neiges, ce qui 
indique assez que leur accroissement n'est pas ind^fini et que 
leur masse est toujours h. tres-peu prfes la mime. 



CHAPITRE IV. 



/ 



DES CAUSES DE DIMINUTION DES GLACIERS-RESERVOIRS. 

En indiquant les causes de diminution des glaciers sup^rieurs, 
M. de Saussure n'en compte que trois, savoir : la fonte soit du 
fond soit de la surface, T^vaporation et les vents.* II est bien 
^tonnant que le savant explorateur des Alpes qui indique dans 
plusieurs passages de ses M^moires le veritable systfeme de la for- 
mation des glaciers inf^rieurs, paraisse dans celui-ci et dans quel- 
ques autres ne pas avoir une id^e bien juste sur cet ensemble qui 

* Voyage dans les Alpes, tome 4, pag. 204. 
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binds in one reservoir glaciers and stream glaciers. 
There is no doubt that if this scrupulous observer of the 
phenomena of mountains had occupied himself specially 
with glaciers, as he has done with rocks and meteoro- 
logy, he would have understood that the causes of 
diminution which he points out are too small compared 
with the causes of increase to account for the sort of 
immutability which characterizes the higher glaciers. 
In truth, the fact of melting underneath the glaciers is 
almost a gratuitous assumption, not even proved by the 
flow of water, which begins only in regions far below the 
reservoir glaciers. Granting central heat to be a fact 
— a doctrine not yet admitted by all men of science, 
and from which a recoil has begun as from an asser- 
tion of which the proofs are not incontestable — ^we shall 
undiBrstand that the efiect of this heat, which even at 
the level of the sea is scarcely appreciable, must be much 
less so at the summit of a granite peak which rises to 
14,000 [French] feet above that level. Even at a spot 
where this heat, not central, but subterranean, exists in 
a manner that admits of no doubt, and at a high degree 
of temperature, its influence on the melting of the snow, 



lie les glaciers-reservoirs aux glaciers {sic) d'^coulement. II n'est 
pas douteux que si cet observateur scrupuleux des ph^nomfenes 
des montagnes se f(it occup^ d'une manifere sp^ciale des glaciers 
comme il l*a fait pour les roches ou la mdt^orologie, il aurait 
compris que les causes de diminution qu'il indique sent trop 
inf^rieures aux causes d'accroissement pour rendre raison de 
Tespfece d'immutabilite des glaciers sup^rieurs. En effet, la 
fonte au fond des glaciers est une supposition k trfes-peu prfes 
gratuite, qui n'est pas m^me d^montr^e par r^coulement des 
eaux, qui ne commence que dans les regions bien infi^rieures 
aux glaciers-reservoirs. En admettant comme un fait la chaleur 
centrale, qui n*est pas encore un dogme demontre pour tous les 
physiciens, et dont on commence k revenir comme d'une 
assertion dont les preuves ne sont pas irr^cusables, on 
comprendra que Teffet de ce feu d^j^ si peu sensible au niveau 
de la mer, doit I'^tre bien moins au sommet d^une pointe 
granitique qui s*eifeve k 14 mille pieds au-dessus. Li m6me 
oil cette chaleur, non pas centrale, mais souteiTaine, existe 
d'une manifere incontestable et k un haut degr^ de temperature, 

D 
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is scarcely sensible. At a height of 9,000 [French 
feet Mount Etna is surrounded with a girdle of snow, 
which never completely melts : cb fortiori^ would it be 
the same with a mountain of the same height, situated 
beneath the same parallel, and deprived of the subter- 
ranean fires which never cease in the interior of Etna. 
On the 24th May, 1834, M. de Tilly, who penetrated 
into the great crater of this volcano, found there a bank 
of snow which had hitherto resisted the internal heat 
as well as the volcanic smoke with which it was nearly 
always surrounded.**^ The action of central heat is con- 
stant and uniform in the same place,, as has been proved 
by the experiments made in the cellars of the Observa- 
tory of Paris. If, then, this action, independent of the 
atmospheric temperature, were at work constantly on 
the interior surface of the glaciers, there would be 
during winter a continuous melting, which might be 
estimated by the quantity of water issuing from beneath 
the glacier. Nov^ this quantity is scarcely sufl&cient 

^Aicension cmx Cimes de VEtna et du Mont-BlanCy par M. le Comte 
Henri de Tilly, p. 27. 



son action est peu sensible sur la fonte des neiges. A la hauteur 
de 9 mille pieds, le Mont-Etna est entour^ d'une ceinture de 
neige qui ne fond jamais entiferement ; k plus forte raison en 
serait-il de mfime d'une montagne de la m^me ^^vation et 
plac^e sous le mSme paraUfele, et qui serait d^pourvue des feux 
souterrains qui ne cessent jamais dans Tint^rieur de TEtna. Au 
24 mai 1834, M. de Tilly, qui p^n^tra dans le grand cratfere de 
ce volcan, y trouva un bane de neige qui avait jusque-lk r^sist^ 
k la chaleur inteme aussi bien qu'k la fiim^e volcanique dont il 
^tait presque toujours entour^ *. L'action de la chaleur cen- 
trale est constante et uniforme dans le m^me lieu, comme Pont 
prouvd les experiences faites dans les eaves de TObservatoire de 
Paris. Si done cette action iudependante de la temperature 
atmospherique agissait constamment sur la surface int^rieure 
des glaciers, il y aurait pendant Thiver une fusion continue que 
Ton pourrait apprdcier par la quantity d'eau qui sortirait 
de dessous le glacier. Or, cette quantity est k peine suflSsante 

* Aaeenaion aux dmee de VEtna et du Mont-Blanc par M. le comte Henri 
de Tilly, page 27. 
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to represent the water of the springs which must natur- 
ally flow in the bottom of the glacier valley, and which 
must bear some proportion to the considerable extent 
of ground which it occupies, and to the height of the 
mountains which surround it. 

Lastly, there is a phenomenon which more than any 
other demonstrates the powerlessness, or at least the 
insufl&ciency, of internal heat to effect the melting of 
the ice. There are in different regions subterranean 
glaciers which remain perpetually motionless, and in 
which we perceive no trace of melting. Such are those 
found in the Bauges, in the neighbourhood of Cham- 
b^ry. Winter restores to this natural ice-house what 
is taken from it during the summer, but the melting is 
nil in the lower parts. This fact is against the action 
of central heat in melting glaciers. As at present 
advised, therefore, I regard this melting as nil. There 
remains the melting at the surface of the glacier, which 
appears to me still more absolutely nil ; and here, there 
is a manifest contradiction between the assertion of 
M. de Saussure and all his experiments. They were 
made in weather best suited for the purpose, the hottest 



pour repr^senter Teau des sources qui doivent natureUement 
couler dans le fond de la valine du glacier, et qui doivent 
r^pondre k T^tendue considerable du terrain qu'il oceupe et k la 
hauteur des montagnes qui Tentourent. 

Enfin, il est un ph^nomfene qui d^montre plus que tous les 
autres la nullity ou au moins TinsuflSsanee de la ehaleur centrale 
pour op^rer la fusion des glaces. H y a dans differentes regions 
des glaciers souterrains qui demeurent dans une perp^tueUe 
immobility, pour lesquels on n'aper^oit aucune trace de fusion. 
Tels sent ceux qui se trouvent dans les Bauges, aux environs de 
Chamb^ry. L'hiver rend k cette glacifere naturelle ce qu*on lui 
enlfeve pendant Y6t6 ; mais la fusion est nulle dans les parties 
infi^rieures. Ce fait ne prouve pas en faveur de Taction de la 
ehaleur sur la fusion des glaciers. Jusqu*^ plus ample inform^, 
je regarde done cette fusion comme niille. Reste la fusion k 
la surface des glaciers, qui me parait plus nulle encore ; et ici il 
y a contradiction ^vidente entre Tassertion de M. de Saussure 
et toutes ses experiences. EUes ont 4t6 fiaates dans le temps le 
mieux choisi, le plus chaud de rann^e, dans les heures oil la 
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in the year, at the hours at which the temperature 
reaches its maximum, and the result was not even in 
any one instance in favour of melting. The ther- 
mometer always remained below the freezing point. 

During a stay of more than fifteen days made in the 
month of July, on the Col du G6ant, at a station only 
10,578 [French] feet above the level of the sea, he 
found that it froze — ^there was either snow or hail 
— every evening ; and the temperature of this half of 
July was very nearly that of the month of January 
in Geneva ; from which we may conclude, as it seems 
to me, that at greater heights melting is not only 
insensible, but absolutely nothing. Nor is this all : 
observations made in the same place have proved 
that there was still congelation on the very surface 
of the snow when the thermometer stood at over 
34** (Fahrenheit) in the atmospheric air. He ex- 
presses himself as follows concerning the tempera- 
ture of the snow : — '* On the high Alps the surface 
" of the snow freezes during the night, when the 
"weather is fine, at all seasons of the year. This 
" congelation is but superficial on glaciers raised only 



temperature attaint son maximum d'^dvation, et le r^sultat n'a 
pas una seule fois 4\^ favorable h, la fusion, le thermomfetre est 
toujours reste au-dessous de z^ro. 

Pendant un s^jour de plus de 15 jours fait dans le mois de 
juiUet au col du G^ant, dans une station qui n*est ^ev^e que de 
10,578 pieds au-dessus du niveau de la mer, il a tons les soirs 
trouv^ la congdation, ou la neige ou la gr^le ; et la temperature 
de cette moitie de juillet a 4ii/& h, trfes-peu prfes celle du mois de 
Janvier de la ville de (Jenfeve, d'oii Ton pent, ce me semble, 
conelure qu'k des hauteurs plus grandes la fusion est non- 
seulement insensible, mais entiferement nuUe. Ce n'est pas 
assez ; les observations faites dans le m^me Ueu ont prouv^ 
qu'il y avait encore congelation h, la surface de la neige mSme, 
quand le thermomfetre donnait h, Fair atmosph^rique plus d'un 
degre de chaleur. Voici conunent il s'exprime sur la tempera- 
ture des neiges : " Sur les hautes Alpes la surface de la neige 
*' gfele pendant la nuit, lorsque le temps est clair, dans toutes les 
" saisons de Tannee. Cette congelation n*est que superficielle 
" sur les glaciers eieves seulement de 900 ou de 1,000 toises au- 
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900 or 1,000 toises above the sea ; biit at the height 
"of 1,200 toises, and above, the snow hardens to 
" a depth of several inches ; it thus forms at the surface 
"a crust sufl&ciently solid to support men. Under 
" this frozen crust the snow remains at zero, or at the 
" freezing point.""*^ 

It will not be objected that there may be melting in 
the interior of the glacier ; for it is a property which I 
believe to be inherent in ice, at least when perfectly 
compact, to preserve a temperature constantly below 
the freezing point. The reason is simple: all the 
caloric directed upon the ice is used up at the surface 
in there effecting a melting proportional to its quantity ; 
when the melting is effected, the molecule of water 
carries off and keeps the caloric, which is absolutely 
necessary for it in order that it may maintain its condi- 
tion, and never can a ray of heat get beyond the first 
surface of ice to raise the temperature of the interior. 
Thus, just as fresh quantities of caloric supplied to boiling 
water are employed in producing evaporation without 

* Voyage datis les Alpes, tome 4, p. 251. 



" dessus de la mer ; mais k la hauteur de 1,200 toises et au- 
" dessus, la neige se durcit k la profondeur de plusieurs pouces ; 
" il se forme ainsi a la surface une crotlte assez solide pour 
" porter des hommes. Sous cette eroflte gelde la neige demeure 
" k z6to ou au terme de la cong^tion." * 

On ne m*objectera pas qu'il pent y avoir fusion dans 
I'int^rieur des glaciers; car c*est une propri^t^ que je crois 
inhdrente k la glace, du moins quand elle est parfaitement 
compacte, de conserver uae temperature que est eonstamment 
au-dessous de zdro. La raison en est simple : tout le calorique 
dirig^ sur la glace est employ^ k la surface pour y op^rer une 
fusion proportionneUe k sa quantity ; quand la fusion est op^r^e, 
la molecule d'eau emporte et garde le calorique qui lui est 
strictement n^cessaire pour son dtat, et jamais un rayon 
calorifique ne peut ddpasser la premiere surface de la glace pour 
Clever la temperature de Tinterieur. Ainsi, de meme que les 
nouvelles quantit^s de calorique fournies k Teau bouillante sont 
employees k la vaporisation, sans pouvoir Clever au-dessus la 

* Voyage dans les Alpes, tome 4, page 251. 
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being able to raise the temperature of the water, so 
the quantities of caloric supplied to ice are employed 
in producing melting without ever being able to raise 
the ice above the freezing point. There cannot there- 
fore be melting in the interior of glaciers. Of course I 
do not speak of cases where there may be currents of 
air through fissures. 

In short, even though no one had even yet reached 
our ice-peak, we might have come to the conclusion, 
from the notions acquired in meteorological research, 
that no melting can there take place. We know that 
the mean temperature decreases rapidly as we ascend. 
Very general observation leads us to believe that for 
every hundred toises of elevation the temperature is 
lowered by 2^ Fahrenheit, keeping to the same lati- 
tude. Starting, therefore, from the level of the ocean, 
where the mean temperature is about 59** above the 
freezing point, and rising 2,450 toises, so as to reach the 
level of the summit of Mont Blanc, we should have a 
fall of 55** to arrive at the mean temperature of the 
higher glaciers, which would place this mean at 4° 
Fahrenheit. 



temperature de I'eau; de mSme les quantit^s de calorique 
foumies h, la glace sont employ^ h, la fusion, sans jamais 
pouvoir dlever la glace au-dessus de z^ro. II ne peut done y 
avoir fusion h, Tint^rieur des glaciers. On sent que je ne 
parle pas du eas oil il y aurait des courants d'air par des 
fissures. 

Enfin, quand m^me personne ne serait encore parvenu sur ee 
sommet glac^, on aurait pu decider, par les notions acquises en 
met^orologie, que la fusion ne peut y avoir Ueu. On sait que 
la moyenne temperature baisse assez rapidement k mesure que 
Ton s'&feve. Les observations les plus g^nerales portent k eroire 
que pour chaque centaine de toises d'ei^vation, la temperature 
moyenne baisse d*un degrd de R. en suivant la m^me latitude. 
En partant done du niveau de rOc^an, oil la temperature 
moyenne est d'environ -h 12°, et en s'eievant de 2,450 toises 
pour ar river jusqu*au sommet du Mont-Blanc, on aurait un 
abaissement de 24° pour arriver k la temperature moyenne des 
glaciers superieurs, ee qui porterait cette moyenne k 12° au- 
desRous de zero. 



M, RENDirS THEORY. 56 

Experiment proves, moreover, that the more we rise 
the less apart are the extremes of temperature ; and 
according to this principle, the extreme of heat could 
never rise above the freezing point by a quantity sufl&- 
cient to produce melting. 

There are circumstances with respect to the melting 
of ice which are not yet known. Some experiments 
have proved to me that snow absorbs a large quantity 
of caloric before passing into a melting state. 

I filled with powdery snow which had fallen 
when the temperature was 20f° Fahrenheit, a cylin- 
der of glass two inches in diameter and five inches 
in height ; I placed this cylinder opposite a fire 
at a point where the thermometer stood at 7T. 
Melting was not perceptible at once ; but after 
more than five minutes the cylinder of snow was 
contracted by a third part, though still cylindrical; 
its diameter was diminished by about as much — ^that 
is to say, there was contraction throughout the 
snow in the direction of its centre, and then melting 
commenced. 



L'exp^rience prouve encore que plus on s'^lfeve, plus les 
extremes de temperature sent rapproch^s, et d'aprfes ce principe, 
Textr^me du c6te de la chaleur ne pourrait jamais d^passer z^ro 
dWe quantity suflSsante pour produire la fusion. 

II y a, relativement h, la fusion de la glace, des circonstances 
qui ne sent pas encore eonnues. Quelques experiences m'ont 
prouve que la neige absorbe une grande quantity de calorique 
avant d'entrer en fusion. 

J'ai rempli de neige pulverulente tomb^e par un froid 
de 5 degr^s au-dessous de z^ro * un cylindre de verre de deux 
pouees de diamfetre et de cinq de hauteur; j'ai place ee 
cyUndre vis-k-vis d'un foyer, sur un point oii le thermomfetre 
marquait + 20°. La fusion ne s'est point d abord manifestee ; 
mais pendant plus de cinq minutes le cyUndre de neige s'est 
raccourci d'un tiers sans cesser d'etre cyUndrique ; son diamfetre 
a diminue k peu prfes d'autant; cest-k-dire qu'il y a eu 
contraction dans toute la neige vers son centre, et ensuite a 
commence la fusion. 

* Toutes mes indications de temperature sont faites d'apr^s le thermom^tre 
de Reaumur. 
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Something similar happens with ice. When we wish 
to fill an ice-house we break the ice brought thither 
into very smaU fragments, then we water it with water 
whose temperature is about SO"* Fahrenheit, and yet the 
whole is converted into a compact mass of ice ; there is 
in this case a considerable consumption of caloric, which 
not only has not been made use of in melting, but 
which has not even arrested congelation in a plax^e where 
the atmosphere was above the freezing point. This 
explains a fact well recognized by observers : when the 
earth has been covered with a certain quantity of snow, 
we see at the end of a few days that this layer is 
diminished in thickness by one half or even more, 
though there has been neither melting, rain, nor wind. 
This diminution of volume is usually explained by 
evaporation, and by the pressure of the snow upon it- 
self ; without denying the action of these two causes, I 
believe that the chief one is adhesion, and in the ex- 
periment I have quoted, this action, favoured by the 
softening of the snow exposed to heat, does but exhibit 
itself in a more instantaneous manner. 

In short, according to all the descriptions that M. de 

II se passe quelque chose de semblable pour la glace. Quand 
on veut rempUr une glacifere, on brise la glace que Ton y porte 
en trfes-petits fragments, ensuite on Tarrose avec de Teau dont 
la temperature est d*environ huit degr^s au-dessus de z^ro, 
et pourtant le tout se convertit en une masse compacte de glace; 
il y a eu dans ce cas un emploi considerable de calorique, qui, 
non-seulement n'a pas 6t4 employe k la fusion, mais qui n*a pas 
mSme arrets la congelation dans un endroit oh Tatmosphfere 
etait au-dessus de zlro. Ceci nous explique un fait bien re- 
connu des observateurs : quand la terre a 4t6 couverte d'une 
certaine quantity de neige, on voit au bout de peu de jours cette 
couche s*amincir de moitie et meme plus, sans qu u y ait eu 
ni fusion, ni pluie, ni vent. On explique cette diminution 
de volume par la vaporisation et par la pression de la neige 
sur elle-m^me ; sans nier Taction de ces deux causes, je crois que 
la principale vient de Taffinite, et dans Texperience que j'ai 
citee, cette action, favorisde par le rainollissement de la neige 
exposde a la chaleur, ne fait que se manifester d'une manifere 
plus instantanee. 

Enfin d'aprfes toutes les descriptions que M. de Saussure 
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Saussure gives of the glaciers, they are composed of 
different layers, super-imposed upon one another, and 
their density increases with the depth of the layers, so 
that those which touch the surface of the rocks on which 
they rest are of compact ice, white and fairly trans- 
parent; but since ice is not permeable to water, it follows 
that even though there should be occasional melting on 
the upper part, the water resulting therefrom could only 
descend to be frozen on the lirst impermeable layer — a 
state of things which could not constitute a cause of 
decrease in the case of the liigher glaciers. It seems 
to me, therefore, to be demonstrated that melting 
(which is nil in the case of reservoir glaciers) begins 
only in the region of stream glaciers. 

The second cause of decrease is evaporation, which 
the absence of caloric must reduce to a trifle in the 
regions of eternal ice. 

The third cause is wind : this is a very powerful 
one. When, after a fall of snow on the summit of 
Mont Blanc, a cold wind prevails, it sweeps all the 
mountain tops, and clouds of dust are seen to de- 



donne des glaciers, ils sont composes de diverses couches 
^tendues les unes sur les autres, et leur density augmente avec 
la profoundeur des couches, de sorte que celles qui touchent la 
surface des rochers sur lesquels elles reposent, sont de la glace 
compacte, blanche et assez transparente ; mais comme la glace 
n'est point penn^able k Teau, il s^ensuit que lors m^me qu'il 
y aurait quelquefois fusion h, la partie superieure, Teau qui en 
resulterait ne ferait que descendre pour se congeler sur la 
premifere couche impermeable, ce qui ne constituerait point 
une cause de d^croissement pour les glaciers supdrieurs. II me 
paratt done d^montre que la fusion, nulle pour les glacier- 
reservoirs, ne commence que dans la region des glaciers 
d'ecoulement. 

La deuxifeme cause de d^croissement est la vaporisation, 
que Tabsence du calorique doit r^duire k peu de chose dans les 
regions des glaces etemelles. 

La troisifeme cause est" le vent; celle-ci est d*une assez 
grande puissance. Quand, aprfes la chute de la neige sur le 
sommet du Mont-Blanc, vient k r^gner un vent froid, il balaie 
toutes les sommites, et Ton voit se detacher du haut des 
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tach themselves from the upper parts of the glaciers, 
and to whirl round in the air, or to start from the highest 
point and betake themselves to a distance, spread- 
ing as they go like the tail of a comet. It is then 
said that Mont Blanc is smoking his pipe. In sum- 
mer this snow-dust comes and is melted in the lower 
regions of the atmosphere, and in winter it collects 
in the bottom of the valleys ; subtle and borne by 
the wind, it penetrates into cottages by the small- 
est openings ; it is not uncommon to find more than 
a foot of it beneath the keyhole of the door. This 
cause, however, is not constantly at work ; and when 
the snow is condensed, or when covered with a glassy 
coating, the wind cannot scatter it. We must therefore 
seek some other cause of decrease to account for the 
fact that glaciers remain permanently at a given height. 
Those who dwell in the neighbourhood of the glac- 
iers, all those who have visited them, and those 
especially who have made or only attempted the ascent 
of Mont Blanc, have pointed out the cause in question, 
without exactly looking upon it as such, — ^avalanches, 
namely, and descending streams of ice. 



glaciers des nuages de poussifere qui tourbillonnent dans les airs, 
ou qui partent du point le plus ^lev^ et s'dloigDent en diver- 
geant comma la queue d'une comfete. On dit alors que le 
Mont-Blanc fume sa pipe. En 4t6, cette poussifere de neige 
.vient se fonire dans les regions inf^rieures de Tatmosphfere, et en 
hiver elle s'entasse dans le fond des valines; subtile et emport^e 
par le vent, elle p^nfetre dans les chaumiferes par les moindres 
ouvertures; il n'est pas rare d'en trouver plus d*un pied au- 
dessous du trou de la serrure d'une porte. Cependant cette 
cause n'est pas perp^tuellement agissante, et quand la neige est 
contract^e ou qu'elle est recouverte d'une surface vitreuse, 
le vent ne peut la disperser. II faut done chercher une autre 
cause de d^croissement pour rendre raison de la permanence 
des glaciers dans une ^^vatioD donnee. 

Ceux qui habitent autour des glaciers, tous ceux qui les ont 
visit^s, et ceux surtout qui ont effectu^ ou seulement tent^ des 
ascensions au sommet du Mont-Blanc, ont indiqu^ cette cause 
sans pr^isdment la regarder comme telle: ce sont les 
avalanches et les dcoulements de glace. 
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CHAPTER V. 

PASSAGE OF SNOW INTO ICE. 

A PHENOMENON which appears incontestable is the 
passage, or rather the conversion, of snow into ice. 
According to the reports of all travellers, the visible 
surface of the glaciers is of snow, more or less hard 
according to the weather in which it is examined. 
They have found ice only accidentally in crevasses, on 
the edges of the glaciers, or in the beds of avalanches. 
According to M. de Saussure, the ice which con- 
stitutes the lower glaciers is harder and more com- 
pact than that which is met with higher up ; its 
hardness diminishes as the height increases. "The 
" solidity of the ice decreases gradually as we ascend 
"towards the higher parts; and on the very sum- 
" mits, at least if they are isolated, we never find any- 
" thing but snow."* But that which is snow on the 

* Voyage dans les Alpes, tome 1, p. 373. 



CHAPITRE V. 

PASSAGE DE LA NEIGE A LA GLACE. 

» 

Un phdnomfene qui parait incontestable, c'est le passage ou 
plut6t la conversion de la neige en glace. D'aprfes le rapport 
de tous les voyageurs, la surface visible des glaciers est de la 
neige plus ou moins dure, selon le temps oil on Texamine. lis 
n'ont trouv^ la glace qu'accidentellement dans les crevasses, sur 
les flancs des glaciers ou dans le lit des avalanches. 

D'aprfes M. de Saussure, la glace qui forme les glaciers 
inf^rieurs est plus dure, plus compacte que ceUe qui se 
rencontre plus haut ; sa duret^ va diminuant k mesure qu'elle 
s'^feve. " La solidit^ de la glace d^croit par degr^ k mesure 
" que Ton remonte vers le haut ; et sur les sommit^ m^mes, 
" si du moins elles sent isoldes, on ne trouve jamais que des 
"neiges."* Mais ce qui est neige k la surface devient glace 

* Voyage dans les Alpes, tome 1, page 373. 
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surface becomes ice in the lower beds, and the transition 
appears to be imperceptible enough. The following 
are the words of M. de Saussure, in speaking of differ- 
ent masses of ice which had come down from the 
Ddme-du'GadtS. He gives to these masses the name 
of seracs : — 

" It was, however," says he, " a pleasure to observe 
" these seracs which one seldom has the opportunity of 
"seeing so close at hand. I measured some which 
" were more than 12 feet in each direction ; the base — 
"that is to say, the part which had been contiguous to 
"the rock — ^was an ice with small air bubbles, trans- 
" lucent, white, hard, and more compact than that of 
"ordinary glaciers; the opposite face, which had 
"originally been the upper one, was still of snow, 
" although a little hardened ; and in the same block 
" were seen all the shades between these two extremes."* 
Whence it may be concluded that weather favourable to 
the action of adhesion simultaneously with the pressure 
of the layers upon each other, bring together the little 
crystals which constitute the snow, and by bringing 
them into contact make them pass into the state of ice. 

* Voyage dans les Alpes^ tome 4, p. 163. 

dans les couches infi^rieures, et la passage parait assez 
insensible. Voici ce qu*en dit M. de Saussure en parlant de 
diverses masses de glace qui ^taient descendues du D6me-du- 
G(yAt4. II donne h, ces masses le nom de seracs. 

'' J'eus cependant, dit-il, du plaisir a observer ces seracs que 
" Ton a rarement occasion de voir d'aussi prfes. J'en mesurai 
" qui avaient plus de 12 pieds en tous sens; le fond, soit la partie 
" qui avait ^t^ contigue au roc, dtait une glace 5. petite buUes, 
" translucide, blanche, dure, plus compacte que celles des 
*' glaciers ordinaires ; la face oppos^e qui avait dt^ originaire- 
" ment la face supdrieure, ^tait encore de la neige quoique un 
"peu durcie; et on voyait dans le m^me bloc toutes les 
''nuances entre ces deux extremes."* D'oti Ton pent con- 
clure que le temps favorisant Taction de Taffinit^ et en m^me 
temps la pression des couches les unes sur les autres, rapprochent 
les petits cristaux qui forment la neige, et en les amenant au 
contact, les font passer k T^tat de glace. Cependant, conmie 

* Voyage dans Us Alpes, tome 4, page 163. 
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As, however, there is contraction between the different 
portions of the whole, it seems that lateral fissures 
must be produced, and when the mass is set in motion 
by avalanches, it must break up first in the seams 
separating the layers, and then by means of the lateral 
fissures formed by contraction. It is this, doubtless, 
which gives rise to those blocks of ice which have the 
regular form of a quadrilateral. It must be a true 
crystallization, I have seen on the sides of the Glacier 
de Bionnassay, which falls into the Valley of Montjoie, 
slices of ice resting one upon the other like courses of 
masonry, differing totally in colour, texture, and den- 
sity. The upper beds are of consolidated snow, and of 
a dirty white ; as they come lower, the ice becomes 
more compact, and takes the greenish colour which 
appears to belong to it. 

In the middle regions, where melting goes on up to a 
certain point, the water produced by this means filters 
through the snow, there solidifies and turns it into ice. 
This is a fact known in the Alps : whenever you come 
across a large avalanche which has resisted the heats of 
summer, and which is inclosed in a basin where the 



il y a contraction entre les pai-ties de Tensemble, il parait qu'il 
doit s*op^rer des fissures lat^rales, at quand la masse est mise 
en mouvement par les avalanches, elle doit se diviser d'abord 
dans les joints qui s^parent les couches, et ensuite par les 
fissures lat^rales formdes par le retrait. C*est sans doute ce qui 
donne lieu k ces blocs de glace qui ont la forme r^gulifere du 
quadrilatfere. Ce serait une veritable cristalisation. J'ai vu 
sur les flancs du glacier de Bionacey qui tombe dans la valine 
de Montjoie, des tranches de glace reposant les unes sur les 
autres en forme d'assises tout-Jt-fait diferentes par la couleur, 
la contexture et la density. Les couches sup^rieures sont une 
neige agglom^r^e et d'un blanc sMe; h, mesure qu'elles des- 
cendent, la glace devient plus compacte et prend la couleur 
verd&tre, qui parait 6tre la sienne. 

Dans les regions moyennes oti la fusion s'opfere jusqu'^ un 
certain point, Teau produite par ce moyen s'infiltre k travers 
les neiges, s'y soUdifie et les change en glace. C'est un fait 
connu dans les Alpes : toutes les fois que vous recontrez une 
grande avalanche qui a r^sist^ aux chaleurs de T^t^ et qui est 
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water can stay^ your guides say, '^ This snow will be 
ice next spring." In the lower regions, where melting 
of the glaciers takes place, the water which flows over 
this porous ice in little rivulets polishes it and restores 
to it its tender green colour which it does not ordinarily 
possess ; one would say that these little streams were 
flowing in channels of aqua-marine or beryl. 

Thus, to sum up this chapter, I think we may con- 
clude that the metamorphosis of snow into ice is ef- 
fected- — Istly, by the rain which falls on the snow. 
2ndly, by the vapours which are condensed at the sur- 
face of the snow. Srdly, by the softening of snow by 
the sun. 4thly and lastly, by pressure, which I look 
upon as the most potent cause. 



renferm^e dans un fond oil Teau peut s'arr^ter, vos guides 
disent: ces neiges seront des glaces au printemps prochain. 
Dans les regions inf^rieures oil il y a fusion des glaciers, Teau 
qui coule par de petites rigoles sur cette glace bulleuse, la polit 
et lui rendsa couleur verte {sic) tendre qu'elle n'a pas ordinaire- 
ment ; on dirait que ces petits ruisseaux coulent dans des con- 
duits d'aigue-marine ou de b^ril. 

Ainsi, pour r&umer ce chapitre, je crois pouvoir conclure que 
la metamorphose de la neige en glace s'opfere, 1° par la pluie 
qui tombe sur la neige, 2° par les vapeurs qui se condensent k 
la surface de la neige, 3*" par le remollissement des neiges par 
le soleil, 4*" enfin par la pression, que je regarde comme le moyen 
le plus eflBlcace. 
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CHAPTER VI. 

OF AVALANCHES AND ICE FLOWS. 

The summit of Mont Blanc is a slightly rounded crest, 
which has steep slopes on every side. That which is 
conventionally called a plateau is only a slope less 
steep than the others. What we say here of Mont 
Blanc must be understood also of the most elevated 
surfaces of all mountains, but especially of primitive 
mountains, which generally end in peaks more or less 
close to one another. Limestone mountains, which 
have more uniform summits, have nevertheless also a 
pretty steep slope, formed by the uplifting of the upper 
strata. When snow has accumulated for some time on 
these slopes, its own weight compels it to fall down 
the flanks of the mountain ; this is what is called an 
avalanche. When the slope is more gentle and ap- 
proaches to a horizontal line, beds of snow resting for 
a long time on one another give rise to the formation 



CHAPITRE VI. 

DES AVALANCHES ET DBS ECOULEMENTS. 

Le sommet du Mont-Blanc est une cr^te un peu arondie qui 
a des pentes de tous les c6t^s. Ce que Ton est convenu d'appeler 
plateau, n'est qu'une pente moins rapide que les autres. Ce 
que nous disons ici du Mont-Blanc doit s'entendre aussi de la 
surface la plus ^lev^e de toutes les montagnes, mais surtout des 
montagnes primitives, qui se terminent le plus ordinairement 
par des aiguilles plus ou moins rapproch^es. Les montagnes 
caleaires, qui ont des sommit^s plus uniformes, ont cependant 
aussi un versant assez rapide form^ par le redressement des 
couches sup^rieures. Lorsque la neige s'est aceumul^e pendant 
quelque temps siu* ces pentes, son propre poids la determine k 
tomber le long des flancs de la montagne ; c'est ce que Ton 
appelle avalanches. Lorsque la pente est plus douce et se 
rapproche de la ligne horizontale, les couches de neige reposant 
pendant long-temps les unes sur les autres, donnent Ueu h, la 
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of ice ; and it is only on the edges of the glacier that 
blocks of ice detach themselves little by little and fall 
to the bottom of the precipice. 

When ice crowns a summit with a perpendicular 
face, the ice dragged by its own weight comes beyond 
the edge of the rock, advances over the preqipice in 
the form of the eaves of a house, and when its solidity 
is no longer a match for the weight of this mass, breaks 
off, shatters itself against the sides of the rocks, and 
falls almost in powder into the neighbouring valleys. 

When the slope is gentle and uniform down to the 
bottom of a valley, the ice flows gently down, with- 
out any of the great catastrophes which accompany 
avalanches, only there are sometimes ruptures between 
the ice which descends and that which is stUl held 
back by obstacles. All travellers who have reached 
the higher glaciers have been witnesses of these 
avalanches, of these falls, of these forward movements. 
There are few days in the year when these high 
mountains do not resound with the cracking noise of 
the ice as it splits, and with the crash of that which 
falls ; here, then, we have the true causes of decrease 



formation de la glace, et ce n'est que sur les bords du glacier 
que viennent peu k peu se detacher des blocs de glace qui 
descendent au fond des pr^ipices. 

Lorsque les glaces couronnent une crete taill^e k pic, la 
glace entrain^ par son propre poids d^orde le rocher, s'avance 
sur le precipice en forme d'avant-toit, et quand sa solidity ne fait 
plus ^uiUbre k la pesanteur de cette masse, elle se rompt, se 
brise centre les flancs des rochers, et tombe presque en poussifere 
dans les vall^s environnantes. 

Lorsque la pente est radoucie et uniforme jusqu'au fond des 
valines, la glace y coule lentement sans aucune des grandes 
catastrophes qui accompagnent les avalanches, seulement il y a 
quelquefois des ruptures entre la glace qui descend et celle qui 
est encore retenue par des obstacles. Tous les voyageurs qui 
sont parvenus dans les glaciers sup^rieurs ont 4t4 t^moins de 
ces avalanches, de ces chutes, de ces avancements. II y a peu 
de jours dans Tannic oil ces hautes montagnes ne retentissent 
pas du craquement des glaces qui se fendent et du iracas de 
celles qui tombent : voila quelles sont les v(?ritables causes de 
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in the higher glaciers. This snow, and this ice, which 
are detached from the cold summits of the mountains, 
are like the overflow which issues from a reservoir ; it 
is a surplus which starts on its way to be melted in a 
temperate region, and this surplus must always be 
nearly equal to the fall of rain and snow, and to the 
condensation of vapour ; it is by means of this kind of 
equilibrium that the height of Mont Blanc must re- 
main always the same, although the snows never melt 
there. 

Nature has herself assumed the task of giving to 
this theory of the flow of glaciers a demonstration 
which the mind cannot refuse to accept ; it is this, — ^the 
upper part of Mont Pourri, which bounds the valley of 
Tignes in Tarantaise, presents a plateau of great ex- 
tent and covered with a strong crust of ice, which, 
instead of flowing down by gullies along the sides of the 
mountain, descends in cascades from the summit of per- 
pendicular rocks. The glacier of Lagurraz is one of the 
most curious among those of the Alps. At ten minutes 
distance from the village of Lagurraz, the mountain 
presents an escarpment of more than 600 feet in height. 



d^roissement des glaciers sup^rieurs. Ces neiges et ces glaces 
qui se d^taehent des froides sommit^s des montagnes, sont 
comme Ze trop plevn qui sort d'un r^ervoir, e'est un exe^ant 
qui part pour aJler se fondre dans une region temp^r^e, et cat 
excedant doit tojours Stre k peu pr^s dgal k la chute des pluies, 
des neiges, et k la condensation des vapeurs : c'est par cette 
esp^ce dequilibre que la hauteur du Mont-Blanc doit Stre 
toujours la mfime, quoique que les neiges n'y fondent pas. 

La nature s'est cnarg^e elle-meme de donner k cette th^orie 
de rdcoulement des glaciers une demonstration k laquelle 
Tesprit ne peut se refuser ; la voici : le haut du Mont-Poiuri 
qui borde la vall^ de Tignes en Tarantaise, pr^ente un grand 
plateau et recouvert d'une puissante croiite de glace qui, au heu 
de s'^couler par des couloirs le long des flancs de la montagne, 
descend par cascades du sommet des rochers tallies k pic. Le 
glacier de Lagurraz est un des plus curieux parmi ceux des 
Alpes. A dix minutes de distance du village de Lagurraz, la 
montagne pr^sente un escarpement de plus de six cents pieds 
d'^ldvation. A cette hauteur, la tranche vive du rocher 

E 
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At this height, the living' section of these rocks is con- 
tinued by the living section of the upper ice, which 
appears to be about a hundred and fifty feet thick. As 
the ice is formed on the plateau, the excess over what 
the reservoir glacier can contain advances laterally 
over the edge of the precipice, and when the weight of 
the part which projects beyond the edge overcomes the 
force of cohesion which unites the particles of the ice, it 
breaks off, and falls to the foot of the mountain, into a 
hollow which is always full of it ; there it melts without 
spreading further, and gives rise to a torrent whose 
source has no remoter origin. It is an intermittent 
source of ice, producing a continuous source of water. 

In seeking for the causes of the diminution of glaciers, 
it has occurred to me that it may possibly be that 
ice, in spite of its hardness and rigidity, cannot support 
more than a given pressure without being broken or 
stretched. On this supposition, whenever the pressure 
should exceed this force, breaking would take place, 
and for the same reason, ice-flows. Let us take at the 
simimit of the plateau of Mont Blanc a colimm of ice 
resting on a horizontal base. The ice which forms the 

• — - " • ■ • " ■— ■ — r — ■- -- ■ ^ ■! I -f - -- - I - , — • 

est continue par la tranche vive des glaces sup^rieures 
qui paraissent avoir environ cent cinquante pieds d^pais- 
seur. A mesure que la glace se forme sur le plateau, 
Texc^ant de ce que peut contenir le glacier-reservoir s'avance 
par c&t^, sur le bord du precipice, et quand le poids de la partie 
qui d^borde vient k d^passer la force de cohesion qui unit entre 
elles les parties de la glace, elle se rompt et tombe au pied de la 
montagne, dans un creux qui en est toujours plein ; ]k elle se 
fond sans s'^tendre davantage, et donne Ueu k \m torrent dont 
la source ne remonte pas plus loin. C'est une source inter- 
mittente de glace qui produit une source continue d'eau. 

En recherchant les causes de la diminution des glaciers, il 
m'est venu dans Tesprit qu*il serait possible que la glace, 
malgr^ sa duret^ et sa rigidity, ne piit supporter sans se briser 
ou s'^tendre qu'une pression donn^e. Dans cette supposition, 
toutes les fois que la pression d^passerait cette force il y aurait 
rupture des glaces, et par lit-mSme dcoulements. Prenons au 
sommet du plateau du Mont-Blanc une colonne de glace 
reposant sur une base horizontale. La glace qui forme la 
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first layer of this column is compressed by the weight 
of all the layers above it ; but, if the solidity of the 
first layer could only support a weight equal to 100, as 
soon as the weight should exceed this amount, there 
would be rupture and separation of the ice at the base. 
Now, something pretty much of this sort takes place in 
the immense crust of ice which covers the upper parts 
of Mont Blanc. This crust appears to increase by the 
upper surface, and to diminish by the sides. To satisfy 
oneself whether the flow is due to the force of pressure, 
it would be necessary to make a series of experiments 
on the solidity of ice, which have not yet been 
attempted. 



CHAPTER VII. 

CONCERNING STREAM-GLACIERS. 

Of all the movements which glaciers undergo, the 
most interesting, and at the same time the most 

premifere assise de cette colonne est comprimde par le poids de 
toutes les assises sup^rieures ; mais si la sohdite de cette 
premifere assise ne pouvait supporter qu'un poids ^gal k 100, 
dfes que le poids depasserait ce terme, il y aurait rupture et 
^cartement dans la glace de la base. Or, il se passe quelque 
chose d'assez semblable dans Timmense croiite de glace qui re- 
couvre les sommit^s du Mont-Blanc. Cette croiite parait 
s'accroltre par la surface sup^rieure et diminuer par les cot^. 
Pour 8*assurer si I'dcoulement est dii k la force de pression, il 
faudrait faire sur la solidity de la glace une suite d'expdriences 
qui n'ont point encore ^t^ tentdes. 



CHAPITRE VII. 

/ 

DES GLACIERS D'ECOULEMENT. 



De tous les mouvements qu'^prouvent les glaciers, le plus 
interessant et en mdme temps le plus diflBlcile k concevoir est 1^ 
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difficult to conceive, is the slow, insensible, and, to all 
appearance, permanent motion of stream glaciers, of 
those rivers of solid water which we see descending in 
a straight line, or winding from the edges of the 
reservoir glaciers into the valleys inhabited by man. 
The sight of these immense flows of ice, which advance 
between banks covered with flowers, forces upon the 
mind thoughts of eternity, of Providence, and of death, 
which elevate and sadden the soul. I stopped near a 
field of rye which was by the side of the Glacier des 
Bossons. An ear, almost ripe, and swayed by the 
wind, each instant touched the ice, and drew back as if 
frightened by this strange guest come from a climate 
which has no power save for death. 

Let us return to the origin of the lower glaciers 
which I call stream glaciers. The upper parts of Mont 
Blanc bristle with granite aiguilles, with rocky ridges 
which hold back the ice, and prevent it from flowing 
equally over every side of the mountain ; but between 
these aiguilles, between these ridges of rock, there are 
a kind of valleys, of gullies, which act as channels 
for the exit of the ice of the reservoir. These channels, 

mouvement lent, insensible, et, selon toutes les apparences, per- 
manent, desglaciers d'dcoulement, de ces fleuves d'eau solide 
que Ton voit descendre en ligne droite ou serpenter du bord des 
glaciers-reservoirs jusque dans les valines habitues par Thonmie. 
La vue de ces immenses coulees de glace, qui s'avancent entre 
des rives couvertes de fleurs, jette dans Tesprit des pens^s de 

{)erpetuite, de providence et de mort qui ^fevent et attristent 
'ame. Je m'arrStai vers un champ de seigle qui ^tait a c&t^ 
du glacier des Bossons. Un ^pi presque mur et balance par le 
vent allait k chaque instant toucher la glace et revenait sur 
lui-m6me, comme effrayd par cet h6te Stranger venu d'un climat 
qui n'a de puissance que pour la mort. 

Revenons k Torigine des glaciers inf^rieurs, que j'appelle 
glaciers d'dcoulement. Les sommit^s du Mont-Blanc sent heris- 
s^es d'aiguilles granitiques, d'arStes rocheuses qui retiennent 
les glaces et les empfechent de couler ^galement siu* tous les 
flancs de la montagne ; mais entre ces aiguilles, entre ces aretes 
de rochers, il y a des espfeces de valines, des couloirs qui servent 
de canaux pour la sortie des glaces du reservoir. Ces caoaux, 
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which are numerous at the place of escape from even 
the higher glaciers, re-imite little by little as they 
descend towards the valleys. 

If it were necessary to demonstrate that the lower 
glaciers are fed by the higher glaciers, it would be 
sufficient to submit to the reader a collection of facts 
from which this truth results quite as of course. 

Firstly. These glaciers are placed in a region in which 
the melting of ice being more considerable than the 
supply, the glacier would necessarily be destroyed if 
there were not a source of alimentation. For even 
supposing, in such a locality, a primitive mass of ice 
brought thither by avalanches or by other causes, there 
would always be a time when the total destruction of 
the glacier must come about, since, after having melted 
the ice of the year, there would always be an excess of 
caloric to attack and diminish each year the ice which 
I call primitive, because it does not result from the 
annual falls. 

Secondly. Whenever we meet with a permanent 
glacier in the region that, in order to indicate its tem- 
perature, I shall call cereal, we can, without a chance 



qui sont nombreux k la sortie mfeme des glaciers sup^rieurs, se 
r^unissent peu k peu en descendant vers les valines. 

S'il ^tait necessaire de d^montrer que les glaciers inf^rieurs 
sont aliments, entretenus par les glaciers superieurs, il suflSrait 
de remettre sous les yeux du leeteur un ensemble de faits d'oii 
cette v^rit^ d^coule tout naturellement. 

1° Ces glaciers sont places dans une region oil la fusion des 
glaees ^tant plus considerable que la formation, il y aurait 
n&essairement destruction du glacier s'il n'y avait pour eux 
une source alimentaire. Car m^me en supposant dans cette 
locality un amas primitif de glace apport^e par des avalanches 
ou par d'autres causes, il y aurait toujours un temps oil arrive- 
rait la destruction totale du glacier, puisqu'aprfes avoir fondu 
la glace de Tann^e, il y aurait encore un exc^dant de calorique 
pour attaquer et diminuer chaque ann^e la glace que j'appelle 
primitive, parce qu'elle ne proviendrait pas des chutes 
annuelles. 

2° Toutes les fois que Ton rencontre un glacier permanent 
dans la region que j'appellerai c^r^ale, pour indiquer la temp- 
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oi' lusin^ miHtaken, assert beforehand that the other 
. (extremity of this glacier abuts upon reservoir ^jM^iers, 
and tliiit between these two extremes there is no break 
of eontiuuity. Should nothing else have been demon- 
HirtiiiHl but this connection, which is an incontestable 
fiutif it would be enough to demonstrate ihe origin of 
iUa low6r ghiciers. 

OliNorvo what M. de Saussure says in speaking of the 
(ihunuv dim Bossons: — '* It is quite certain that there is 
ail luibrokou continuity of snow and ice from the top of 
Mont Hlauc down to the end of the Glacierdes Bossons." 
And what ho Hays of that glacier may be said of all 

77/ //y////. Tht) miiBH of the glacier is in inverse pro- 
jjortiou to tho Hlopo over which it flows. When the 
ii'ough in Hinop, tite ice is thin, and its surface is con- 
iviu'Uiil I wlnni the Hlope decreases and approaches to the 
hori/oiitiil lino, tho glacier fills out — ^it becomes like a 
fciiili, liko a lako hotwoou two streams. These facts are 
«a«y to viu'ify by tho mere inspection of the Glacier 
d«ti Hoitt, aw Niu^n from tho Mont Envers. 

Nothing; Mhows bettor to what an extent the glaca^- 



tfiih^UiVii, nu ))Hut, MAUN HoxpoHor k se tromper, affirmer d'avance 
una i'tiuU'ti ti\ii'iUn\i6 do co glacier aboutit aux glaciers^ 
r/<«ttrvoir«, ttfc qu'tintro ooh iloux extremes, il n'existe pas de 
tioli)Uon i\ti iHiuiiuuM, Quand il n'y aurait de d^montr^ que 
milti \Ui\mm (jul twt un fiiit incontestable, elle su£Srait pour 
d^mnutmv rori^ino doH glaciers inf^rieurs. 

Voitjl im (luu M, do SauHHure dit en parlant du glacierdes 
Ho»«r>ntt { " Il OHt hm\ certain qu'il y a une continuity non 
f* Jnt<irronjj)Uo d« neijfo et de glace depuis la cime du Mont- 
'' JJUn« juNiju'ttU ban du glacier des Bosspns." Et ce qu'il dit 
(\h ('iiliii-lft,, ddit HO dire do tons les autres. 

ft" Uti TiuiNNO du glacier est en raison inverse de la pente sur 
Imjiiollo il coulo, Quand le couloir est rapide, la glace est 
nunoo ot Ha Hurfaoo eHt rdtrdcie; quand la pente diminue et se 
rapprocJio do la ligiie horizontale, le glacier se renfle, il devient 
counno uno inor, coinme un lac entre deux courants. Ces faits 
Nont faciloH k verifier par la seule inspection du glacier des 
BoiH, vu donuis le Mont-Envers. 

ilicn ne u^montre mieux jusqu'it quel point k glacier se plie 



tt 
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adapts itself to the spot on whicli it happens to be 
than the form of the glacier of Mont Dolent^ in the 
valley of Ferret : " Its highest plateau is a great 
** amphitheatre surronnded by lofty flakes of granite 
" of pyramidal form ; thence, the glacier descends by a 
gorge, into which it is compressed ; but as soon a^ it 
has passed beyond it, it widens out anew and opens 
^' like a fan : it has therefore, as a whole, the form of 
^' a sheaf contracted in the middle an4 spread out at its 
^'two extremities.""*^ 

There are a host of facts that would seem to induce 
the belief that the substance of glaciers enjoys a kind 
of ductility which allows it to mould itself upon the 
locality which it occupies — ^to thin out, to swell, to con- 
tract, and to spread as a soft paste would do. Never- 
theless, when we deal with a piece of ice, when we strike 
it, we jSnd in it a rigidity which is in direct opposition to 
the appearances of which we have just spoken. Per- 
haps experiments made upon larger masses would give 
other results. 

Fourthly. The vaster is the channel of discharge at 

* Voyage dans les Alpes, tome 2, page 247. 

au local sur lequel il se trouve, que la forme du glacier du 
Mont'Dolent dans la valine de Ferret: "Son plateau le plus 
" ^eve est un grand cirque entour^ de haute feuillets de grsuiite, 
" de forme pyramidale ; de ]k, le glacier descend par ime gorge, 
"dans laquelle il est resserr^; mais d^s qu'il Pa d^passde, il 
" s'^rgit de nouveau et s'ouvre en ^ventail : U a done en tout 
" la forme d'une gerbe serr^e dans le mUieu et dilat^e k ses deux 
" extremity."* 

II y a une foule de faits qui sembleraient faire croire que la 
substance des glaciers jouit dune esp^e de ductility qui lui 
permet de se modeler sur la locality qu'elle occupe, de s'amincir, 
de se renfler, de se r^tr^cir et de s'^tendre comme le ferait une 
p&te molle. Cependant, quand on agit sur un morceau de 
glace, qu'on le frappe, on lui trouve une rigidity qui est en 
opposition directe avec les apparences dont nous venons de 
parler. Peut-6tre que les experiences feites sur de plus grandes 
masses donneraient d'autres r^sultats. 

4° Plus le canal de d^gorgement est vaste k la sortie du 

'**' Voyage dans les Alpes, tome 2, page 247. 
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the point of exit from the reservoir glacier, or, what 
comes to the same thing, the more tributary glaciers a 
principal glacier receives into its bed, the farther does 
it advance into the bottom of the vaUey, because in 
that case the quantity of ice being greater, the con- 
sumption of caloric in the process of melting must be 
proportioned to it, and consequently the stream of ice 
has time before being melted to penetrate farther into 
the cereal region. The Glacier des Bois, which re- 
ceives into its bed the outflows of three great glaciers, 
that of the Tacul, that of Lechaux, and that of the 
Tal6fre, is likewise one of those that advance farthest 
towards the bottom of the valley. 

Fifthly. There are several indicia which prove the 
motion of the glaciers in the ravines that serve as their 
beds ; I shall point out but two of them. If we take 
note of some point on the glacier that can be recognized 
by a crevasse or a pyramid of ice, or even by one of the 
blocks of rock that are found on the surface, and if we fix 
its position by a line which terminates in the two sides 
of the valley, we shall be astonished some months later 
at no longer finding the point in question on the line 
that defined its position; but it will have advanced 

glacier-r^ervoir, ou, ce qui revient au mSme, plus un glacier 
principal re9oit dans son lit de glaciers particuKers, plus il 
s'avance dans le fond des valines, parce qu'alors la quantity de 
glace ^tant plus grande, Temploi du calorique pour la fusion 
doit lui Stre proportionn^ et par cons^uent la coul^ de glace 
avant d'etre fondue a le temps de p^n^trer plus avant dans la 
region cdr^e. Le glacier des Bois, qui re9oit dans son lit les 
^coulements de trois grands glaciers, celui du Tacu {sic), celui 
de Lechaux et celui du Talefre, est aussi Tun de ceux qiii 
s'avancent le plus vers le fond de la vall^. 

6*" II y a plusieurs indices qui prouvent le mouvement des 
glaciers dans les couloirs qui leur servent de lit; je n'en indi- 
querai que deux. Si Ton remarque un point du glacier recon- 
naissable par ime crevasse ou une pyramide de glace, ou mSme 

far un des blocs de rocher qui se trouvent k la surface, et que 
on fixe sa situation par une ligne qui aboutisse aux deux 
c6t^s de la vall^, on sera ^tonnd quelques mois aprfes de ne 
plus trouver le point indiqu^ sous la Ugne qui etablissait sa 
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towards the lower end of the valley, by a quantity 
which will have relation to the length of the experiment, 
the temperature, the quantity of water that has fallen 
on the reservoir glacier: and even to the inchnation 
of the ravine. I was shown, on the edge of the Glacier 
des Bois, a huge rock of granite which had advancd 
about 242 feet in the course of a year. 

In 1818, the part of the glacier which is towards the 
Mer de Glace advanced 442 feet. In 1817, the ice 
advanced nearly a foot a day. I had fixed in 1838 the 
position of two blocks of rock which lay on the surface 
of the Glacier des Bois; a year after, I went to measure 
the distance they had passed over; the one had 
advanced about 400 feet, and the other had disappeared, 
whether having fallen into a crevasse formed near it, or 
having fallen over the edge of the glacier, as we shall 
see happens often enough. 

Sixthly. At the place where a glacier comes to an 
end, that is to say, at the point of its course at which it 
has reached the temperature necessary for it to undergo 
total melting, we always see an accumulation, more or 

position ; mais il aura avanc^ vers le bas de la valine d'une 
quantity qui sera en rapport avec la durde de Texp^rience, la 
temperdture, la quantity d'eau tomb^e sur le glacier-r&ervoir, 
et mSme avec rinclinaison du couloir. On m'a montr^ sur le 
bord du glacier des Bois un gros rocher granitique qui s'^tait 
avanc^ d'environ deux cents quarante-deux pieds dans le cours 
d'une ann^e. 

En 1818, la partie du glacier qui est vers la mer de glace 
s'est avancee de quatre cents quarante-deux pieds. En 1817, 
les glaces avan9aient a peu prfes d'un pied par jour. J'avais 
fix^ en 1838 la position de deux blocs de rochers qui ^taient k 
la surface du glacier des Bois ; une ann^e aprfes je suis all^ 
mesurer le chemin qu'ils avaient parcouru ; Tun avait avance 
d'environ quatre cents pieds, et Tautre avait disparu, soit qu'il 
f(it tombe dans une crevasse form^e prfes de lui, soit qu'il fClt 
tomb^ sur le bord du glacier, comme nous verrons que cela 
arrive assez fr^quemment. 

6° A Tendroit oil vient finir un glacier, c'est-^-dire dans le 
point de sa cours ou il a atteint la temperature qui lui ^tait 
n^essaire pour subir une fusion totale, on voit toujours un 
dep6t plus ou moins considerable de toutes les substances qu*il 
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less considerable, of all the substances which it has 
brought down. They consist of sand, earth, and rocks 
of all sizes. If we examine the nature of these rocks, 
we are, generally speaking, forced to allow that they 
have no analogy with the ground on which they 
rest, nor even always with the mountains which bor- 
der the stream ; to find their analogues we must 
reascend towards the origin of the glaciers, and we 
must conclude that glaciers travel in the manner of 
rivers. 

Seventhly. Lastly, it is at the lower end of the glacier 
that we see the most manifest signs of its destruction. 
Let us content ourselves with describing the lower 
extremity of the Glacier des Bois, the glacier which 
most travellers visit. When the hot season comes 
round, there is formed at the end of the glacier, at the 
very spot where the waters of the Arveron escape from 
beneath the ice, a grotto, which, at first narrow and 
low, is rapidly enlarged under the influence of water, 
of vapour, and of other atmospheric agents. When 
the height and extent of this ice-vault has reached the 
proportions aUowed by the soMity of the materials 
which enter into its construction, it has an extremely 

a charri^es. Ce sont des sables, des terres et des rochers de 
toutes les grandeurs. Si Ton examine la nature de ces rochers, 
on est, pour rordinaire, forcd de convenir qu'ils n'ont pas d'ana- 
logie avec le terrain sur lequel ils reposent, ni mfime toujoiiirs 
avec les montagnes qui bordent le courant ; pour retrouver les 
analogues il faut remonter vers les sources des glaciers, et con- 
clure que les glaciers voyagent k la manifere des fleuves. 

7° Enfin c'est k Textremit^ infdrieure du glacier que Ton voit 
les signes les plus manifestes de sa destruction. Contentons- 
nous de d^crire Textr^mit^ inf(^rieure du glacier des Bois, eelui 
que visitent le plus les voyageurs. Quand la saison des chaleurs 
arrive, il se forme au bout du glacier, k Tendroit mSme oti les 
eaux de TArveron s'^chappent de dessous la glace, ime grotte 
qui d'abord ^troite et basse, se grandit rapidement sous 1 influ- 
ence de Teau, de la vapeur et des autres agents atmosph&iques. 
Quand la hauteur et T^tendue de cette voiite de glace a atteint 
les proportions que peut comporter la solidity des mat^riaux 
qui entrent dans sa construction, elle a un aspect extrSmement 



M, BEND IPS THEORY. 75 

imposing aspect. It is a vast portico more than a 
hundred feet high, let into an immense fa9ade, and 
surmounted by lofty pyramids of ice. Nay, nothing is 
more astonishing than this work of the elements, of 
which nature alone has furnished the plan, and achieved 
the construction. From the bottom of the cavern escapes 
with a roar the frothy and yellowish water of the 
Arveron. When erasion and heat have undermined 
the foundations of this fusible edifice, it cnunbles and 
falls with a crash which resounds like thunder afar in 
the valley. The waters carry off the debris or melt it 
on the spot, the vault is formed afresh and falls anew. 
These falls of ice are, so to speak, of daily occurrence, 
and yet it is easy to see that the glacier alway comes 
to an end in the neighbourhood of one and the same 
point, and experiences between its greatest and its 
least advancement only variations of which we shall 
point out the cause farther on. 

Were we to reckon the layers of ice detached towards 
this point of the glacier during a century only, on the 
supposition that there had been no flow of the ice, we 
should be obliged to look for the glacier much higher up. 



imposant. C'est un vaste portique de plus de cent pieds 
d'^ldvation creus^ dans une immense isxjsAQ, et surmonti^ de 
hautes pyramides de glace. Non, rien n'est plus ^tonnant que 
ee travail des ^l^ments dont la nature seule a foumi le plan et 
achev^ la construction. Du fond de la caveme s'^chappe en 
mugissant Teau ^cumeuse et jaunMre de TArveron. Quand 
r^rosion et la chalem* ont min^ les fondements de ce fusible 
Edifice, il s'Asroule avec un fracas qui, pareil ^ celui du tonnerre, 
retentit au loin dans la valine. Les eaux entratnent les d^ris 
ou les fondent sur place, la voiite se reforme et tombe de nou- 
veau ; ces chutes de glace sent pour ainsi dire joumaliferes, et 
pourtant il est facile de voir que le glacier vient toujours 
aboutir aux environs d'un meme point, et n'dprouve entre son 
plus grand et son plus petit avancement que des variations 
dont nous indiquerons la cause plus tard. 

Quand on ne oompterait que lea lames de glace d^tachfes vers 
ce point du glacier pendant un sifecle, en supposant qu'il nV 
eikt pas eu d'^coulement de glace, on serait forc^ de chercher le 
glacier beaucoup plus haut. 
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The river Arc, which traverses the whole valley of 
La Maurienne, takes its source under a glacier in the 
mountains of Bonneval. This stream glacier descends 
by a ravine at a very high inclination, and there we 
can observe better than elsewhere the phenomenon of 
the flow of glaciers. The mass which fills the ravine 
is divided by transverse clefts, and often after the slip of 
a lower slice, we see the bottom of the ravine in the inter- 
val which separates that slice from the upper slice, which 
in its turn will soon slip and give place to another. 

I have already said that the Glacier des Bois is fed 
by three glaciers, that of the Tal^fre, that of Tacul, and 
that of Lechaux. Each of these is itself fed by several 
other glaciers of a third order. M. de Saussure thus 
describes the glacier of Talefre : " This glacier rises 
" step by step up to the foot of an exactly semi- 
" circular rampart which shuts it in on the north side. 
"This rampart is formed of extremely lofty granite 
" peaJ^ which terminate in sharply pointed summits, of 
" infinitely varied forms. The intervals between these 
" peaks are filled with glaciers which pour down into 
'' that of the Tal6fre." 

La rivifere de TArc qui parcourt toute la valine de la Mauri- 
enne, prend sa source sous un glacier dans les montagnes de 
Bonneval. Ce glacier d'dcoulement descend par un couloir 
trfes-inclin^, et Ik on peut mieux qu'aiUeurs observer le pheno- 
m^ne de T^coulement des glaciers. La masse qui remplit le 
couloir est divis^e par des fentes transversales, et souvent aprfes 
le glissement d'une tranche inf^rieure, on voit le fond du couloir 
dans Tintervalle qui la separe de la tranche sup^rieure. qui 
gUssera bientot elle-meme pour faire place k une autre. 

J'ai d6jk dit que le glacier des Bois ^tait aliments par trois 
glaciers, celui du Talefre, de Tacu (sic) et de Lechaux. Chacun 
de ceux-ci est lui-m^me aliments par plusieurs autres glaciers 
d'un troisifeme ordre. Voici comment M. de Saussure d^crit le 
glacier du Talefre : " Ce glacier s'^lfeve par gradation jusqu'au 
" pied d'une enceinte exactement demi-circulaire qui le ferme 
du c&t^ du nord. Cette enceinte est form^ par des pics de 
granite extr^mement ^lev^j qui se terminent par des som- 
" mitfe aigues, de formes infiniment varices. Les intervalles 
" de ces pics sont remplis par des glaciers qui viennent se verser 
" dans celui du Talfefre." 
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The same author saw, in the valley of Ferret, a glacier 
fed by five others which brought to it the tribute of 
their ice ; a host of small glaciers fall into the vast 
glacier of Bionnassay ; three glaciers pour themselves 
into that of the Miage in the neighbourhood of 
Courmayeur, and it is the same with nearly all others. 
The observer is therefore forced to conclude that the 
lower glaciers are solid rivers which take their origin 
in the glacial regions, and which descend into the 
temperate regions to change into liquid rivers. If, 
as we have seen in the preceding chapter, the forma- 
tion of ice is considerable over the whole extent of the 
summits that surround Mont Blanc, the channels 
by which that mountain disburdens itself are also very 
numerous. The block of Mont Blanc alone is sur- 
rounded by fourteen stream glaciers, which are them- 
selves fed by a much more considerable number of 
glaciers of the second order. Since the whole range of 
the Swiss Alps usually rises above the line of melting, 
it is covered with perpetual snow, and sustains glaciers 
in every direction ; more than four hundred of them 
are reckoned from Mont Blanc to the Tyrol. 

Le m^me auteur a vu dans la valine de Ferret iin glacier 
aliments par cinq glaciers qui lui apportaient le tribut de leurs 
glaces; une foule de petits glaciers tombent dans le vaste 
glacier de Bionnassay ; trois glaciers se versent dans celui du 
Miage aux environs de Cormayeur, et il en est ainsi de presque 
tons les autres. C'est done pour robservateur une n^cessit^ de 
conclure que les glaciers inferieurs sent des fleuves solides qui 
prennent leiu* source dans les regions glaciales, et qui viennent 
dans les regions temp^r^es se changer en fleuves liquides. Si, 
comme nous Tavons vu dans le chapitre pr^^dent, la formation 
des glaces est considerable sur toute l^tendue des sommit^s 
qiii entourent le Mont-Blanc, les canaux par lesquels il se 
d^charge sont aussi trfes-nombreux. Le seul massif du Mont- 
Blanc est entour^ de 14 glaciers d'^coulement, qui sont eux- 
m^mes alinient^ par un nombre bien plus considerable de 
glaciers du second ordre. Comme toute la cr^te des Alpes 
suisses d^passe ordinairement la ligne de fusion, elle se trouve 
couverte de neiges perp^tuelles, et siu* tous les points elle en- 
tretient des glaciers ; on en compte plus de quatre cents depuis 
le Mont-Blanc j usque dans le Tyrol. 
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CHAPTER VIII. 

OF THE MOTION OF STREAM GLACIEBS. 

Although most authors who have spoken of the 
lower glaciers have sufficiently false notions as to their 
origin and their formation, all, nevertheless, agree that 
they have a movement of translation which makes 
them advance towards the base of the valleys ; but, the 
moment they would instruct us as to the nature and 
quantity of these movements, they fall into vagueness, 
and often even into absurdity. In fact there lies, in my 
opinion, the true Gordian knot. The fact of motion 
exists, the progression of glaciers is demonstrated ; but 
the mode of motion is entirely unknown. Perhaps with 
long observations, with experiments upon ice and snow 
careftJly made, we shall succeed in grasping it ; but we 
are still in want of these first elements. 

Glaciers have two kinds of motion, the one instan- 
taneous, and the other insensible. If in its course the 



CHAPITEE Vin. 
Du mouvement des glaciers d'ecoulement. 

Quoique la plupart des auteurs qui ont parle des glaciers 
inf^rieurs aient sur leur origine et leur formation des iddes 
assez fausses, tous oependant conviennent qu'U existe pour eux 
un mouvement de transport qui les fait avancer vers le fond 
des vall^ ; mais d^ Tinstant ou ils veulent faire connaitre la 
nature et la quantity de ces mouvements, ils tombent dans le 
vague et souvent mSme dans le ridicule. En effet, c'estEt, 
salon moi, le veritable noeud gordien. Le fait du mouvement 
existe^ la progression des glaciers est d^montr^ ; mais le mode 
est enti^rement inconnu. Peut-fetre avec de longues observa- 
tions, des experiences bien faites sin* la glace et la neige, 
viendra-t-on ^ bout de le saisir ; mais ces premiers dl^ments 
nous manquent encore. 

II y a dans les glaciers deux esp^ces de mouvement, I'un 
instantan^ et Tautre insensible. Si dans son cours le glacier 
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glacier meets with a slope very steep, scarped, vertical, 
the ice then splits and falls in blocks separated from one 
another. Such a motion is described in the following 
passage of M. de Saussure : " All the lower part of this 
" lofty summit (le d6me de T Aiguille) was covered with 
"glaciers excessively scarped which poured into that 
" of Bionnassay ; at every instant enormous blocks of ice 
" detached themselves from this glacier which we beheld 
" fall and precipitate themselves with a terrible crash, and 
** resolve themselves into whirlwinds of dust, which 
" the air, driven off by the fall of the ice, raised like 
"clouds to an astonishing height."* 

Its fall is not always so rapid ; even then, however, 
we notice upon the surface of the glacier unequivocal 
indications of a sharp movement, of a disturbance : 
splits, namely, and violent disarrangement of the rela- 
tive positions of the masses of ice. M. de Saussure thus 
describes a place where the Talefre passes over a steep 
incUne : " As the slope bv which this glacier descends 
" is extremely steep, its blocks of ice press against each 
" other, rise on end, lift themselves up, and form arched 

* Voyage dans les Alpes, tome 2, p. 475. 

rencontre une pente trfes-rapide, escarpee, verticale, alors la glace 
se fend, tombe par blocs s^par^s les uns des autres. Un mouve- 
ment semblable est d^crit dans le passage suivant de M. de 
Saussure : " Tout le has de cette haute cime (le ddme de TAi- 
" guille) ^tait couvert de glaciers exeessivement escarp^ qui se 
" versaient dans celui de Bionnassay ; k chaque instant il se 
" d^tachait de <5e glacier des masses ^normes de glace que nous 
*' voyions tomber et se pr^cipiter avec un fracas horrible, et se 
" r^soudre en des toiu'billons de poussifere que Tair, refoul^ par 
'' la chute des glaces, soulevait comme des nuages k une hauteur 
*' ^tonnante." * 

Sa chute n'est pas toujours aussi rapide ; alors pourtant on 
aper9oit sur la surface du glacier des signes non Ajuivoques d'un 
mouvement brusque, d'une perturbation : ce sont des fentes, du 
bouleversement dans la disposition des masses de glaces. Voici 
comment M. de Saussure depeint un passage rapide du Talefre: 
" Comme ia pente par laquelle ce glacier descend est extr^me- 
" ment rapide, ses gla9ons se pressent mutuellement, se dressent, 

* Voyage dans les Alpes, tome 2, p. 475. 
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" hollows, pyramids of different inclinations, which seem 
" ready to crush the foolhardy traveller who should dare 
"to approach them."* 

When the slope becomes gentler, the sharp sudden 
movements are rarer ; but nevertheless they still mani- 
fest themselves by sudden splittings, and by the advance 
of blocks of ice. The inhabitants of districts which are 
in the neighbourhood of glaciers give to these move- 
ments which are known to them the name of gldder- 
groivths. A minister of Grindelwald, who witnessed 
it whilst crossing the glacier which is in the neighbour- 
hood of that village, thus describes this movement : 
" Scarcely were we in our places," says he, ** when the 
** singular phenomenon called glacier-growth made its 
" presence known by a frightful noise ; everything around 
"us appeared to move of itself — guns, alpenstocks, 
"game-bags. Rocks, apparently solidly fixed in the 
" ice, began to detach themselves and to dash against 
" each other; crevasses ten and twenty feet wide opened 
"before our eyes with a fearful crash; others, suddenly 
" closing, drove to a great height the water which they 

* Voyage dans les Alpes, tome 2, page 24. 

" 86 relfevent et fonnent des fours, des pyramides diversement 
" inclin^es, qui semblent prates k ^eraser le voyageur t^meraire 
" qui oserait s'en approcher." ♦ 

Quand la pente est radoucie, les mouvements brusques sont 
plus rares; mais poiuiiant ils se manifestent encore par des 
rentes subites et des avancements de blocs de glace. Les 
habitants des pays qui avoisinent les glaciers donneDt k ces 
mouvements qui leur sont connus le nom de crue de glacier, 
Voici comment d^crit ce mouvement un ministre de Grindel- 
wald, qui en a 6i4 t^moin en traversant le glacier qui est aux 
environs de ce village : " A peine ^tions-nous places, dit-il, que 
" le singulier ph^nomfene appel^ C7*i6€ de glacier se manifesta par 
" un bruit aflSreux ; tout autour de nous paraissait se mouvoir de 
" soi-mSme: fusils, bd;tons, camassi^res. Des rocs en apparence 
" solidement ^tablis dans la glace, commenc^rent k se detacher 
" et & s'entrechoquer ; des crevasses de 10 et de 20 pieds de 
" largeur s'ouvrirent k nos yeux avec un fracas ^pouvantable ; 
^'d'autres se fermant tout-^oup, lanc^rent k une grande 

♦ Voyage dans les Alpes^ tome 2, p. 24. 
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'' contained. The whole mass of the glacier thus 
" suddenly agitated moved forward some paces ; but 
"all soon returned to rest and to a profound silence, 
"scarcely broken by the whistling of the marmots." ^^ 
Cutting out from this description the poetry which 
displays the rocks dashing against each other, we find 
the general fact of a sharp movement produced, to all 
appearance, by the advance of a portion of the glacier. 
We should know more about it if the witnesses of this 
scene had confined themselves to a scientific description. 

M. Venetz reports that a glacier of the Valine 
d'Hdrens " advanced with a noise like that of thunder, 
making at once strides more than ten feet long." With- 
out taking literally these descriptions, which carry with 
them marks of exaggeration, we may believe in the 
movements that called them forth. Let us now pass 
to the insensible movements. 

Nothing seems to me more clearly demonstrated 
than the progressive motion of glaciers towards the 
bottom of the valley, and nothing at the same time 

* Quoted from Malte Brun's Geography y voL vii, page 101. 

" hauteur Teau qu'elles contenaient. La masse entifere du glacier 
" si agit^e tout-i-coup, s'^tait avane^e de quelques pas ; mais 
"tout rentra bientdt dans un repos et un silence profond, h, 
"peine interrompu par le sifflement des marmottes." * En 
retranehant de cette description la po^sie, qui montre les 
rochers s'entrechoquant, on y d^couvre la g^n^ralit^ d*un 
mouvement brusque produit, selon toute apparence, par 
ravancement d'une partie du glacier. Nous en saurions davan- 
tage si les t^moins de cette scfene s'en ^taient tenus k une 
description scientifique. 

M. Venetz rapporte qu*un glacier de la valine d'H^rens 
" avan5ait avec un bruit semblable h, celui du tonnerre, faisant 
"^ la fois des pas de plus de dix pieds de iongueur." Sans 
prendre k la lettre ces descriptions qui portent avec eUes des 
caractferes d'exag^ration, on pent croire aux mouvements qui 
les ont motiv^es. Passons maintenant aux mouvements 
insensibles. 

Eien ne me parait plus clairement ddmontr^ que le mouve- 
ment progressif des glaciers vers le has de la valine, et rien en 

* Cite d'apr^B la Q4ographie de Maltebrun, volame 7, page 101. 

F 
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seems to me more diflficult to conceive than the manner 
in which this movement is executed — a movement so 
slow, so unequal, carried out on slopes of difterent 
inclination, on ground studded with irregularities, and 
in channels whose width varies at every moment. 
This is in my opinion the least explicable of the pheno- 
mena of glaciers. Does it advance in a mass like a 
block of marble on an inclined plane ? Does it advance 
in broken bits like the stones which come down one 
after another in mountain gullies ? Does it sink down 
upon itself to flow along the slopes, as lava would 
do, at once ductile and liquid ? Do the portions which 
detach themselves at the edges of steep slopes suf- 
fice to impress motion upon those which repose upon 
a horizontal surface ? I know not. Perhaps again we 
might say that in times of great cold, the water which 
fills the numerous transverse crevasses of the glacier, 
becoming frozen, receives its accustomed increment of 
volume, gives a push to its containing walls, and thus 
produces a motion towards the bottom of the channel 
in which it flows. 

Let us turn our atttention to the portion of the 
Glacier des Bois which borders upon the Mont Envers. 

mSme temps ne me semble plus difficile h, concevoir que la 
mani^re dont s'ex^cute ce mouvement si lent, si in^gal, qui s*ex^- 
cute sur des pentes difl^(^rentes, sur un sol garni d'asp^rit^s, et dans 
des canaux dont la largeur varie k chaque instant. C'est lit, selon 
moi, le ph^nomfene le moins explicable des glaciers. Marche-t- 
il ensemble comme un bloc de marbre sur un plan inclin^ ? . . . 
Avance-t-il par parties blisses comme les cailloux qui se suivent 
dans les couloirs des inontagnes ? . . . S'affaisse-t-il sur lui- 
meme pour couler le long des pentes, comme le ferait une lave 
K la fois ductile et liquide ? . . . Les parties qui se ddtachent vers 
les pentes rapides suffisent-elles k imprimer du mouvement k 
celles qui reposent sur une surface horizontale ? Je Tignore. 
Peut-^tre encore pourrait-on dire que dans les grands froids 
Teau qui remplit les nombreuses crevasses transversales du 
glacier venant k se congeler, prend son.accroissement de volume 
ordinaire, pousse les parois qui la contiennent, et produit ainsi 
un mouvement vers le bas du canal d*^coulement. 

Portons nos regards sur la partie du glacier des Bois qui 
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There it presents the appearance of a sea of ice whose 
agitated surface is in a nearly horizontal plane. This 
mass, extended, deep, compact, rigid, which is in con- 
tact with immovable banks that now widen, now con- 
tract, is nevertheless in motion. No breaking here ; 
for the crevasses which we meet with there are not 
splits like those of which we have spoken above ; we 
shall see elsewhere their origin, which is not due to 
the movement of the glacier. Nevertheless it advances 
there just as in the parts where the slope is more rapid. 
I have attempted to estimate the amount of its motion ; 
but I have only succeded in collecting somewhat vague 
data. I questioned my guides as to the position of 
an enormous rock which is at the edge of the glacier, 
but still upon the ice, and therefore subjected to its 
movement. The guides showed me the place where it 
was the year before, and that where it was three, 
four, and five years ago ; nay more, they showed me 
the place where it will be found in one year, in two 
years, and so on, so convinced are they of the regularity 
of this movement. At the same time their statements 
did not always exactly agree, and their indications of 



avoisine le Mont-Envers. L^ il oflBre Taspect d'lme mer de glace 
dent la surface agit^e serait dans un plan k peu pr^s horizontal, 
Cette masse ^tendue, profonde, compaete, rigide, qui touche k 
des bords in^ranlables, qui tantdt s'^rgissent, tant6t se res- 
serrent, est cependant en mouvement. lei point de rupture, 
car les crevasses que Ton y rencontre ne sent pas des fentea 
comme celles dont nous avons parl^ plus haut : nous verrons 
ailleurs leur origine, qui n*est pas due au mouvement du glacier. 
Cependant il avance Ik tout comme dans les parties oti la pente 
est plus rapide, J'ai cherch^ k appr^cier la quantity de son 
mouvement ; mais je n*ai pu recueillu' que des donn^es mi pen 
vagues. J'ai interrog^ mes guides sur la position d*un dnorme 
rocher qui est au bord du glacier, mais encore sur la glace et 
par consequent soumis a son mouvement. Les guides m'ont 
montr^ Tendroit oii il ^tait Tannic or^c^dente, et celui oii il 
etait il y a trois, quatre et cinq ane; bien plus, ils m'ont 
montr^ Tendroit ou if se trouvera dans un an, deax ans, etc., tant 
ils croient 6tre certains de la r^gularite de ce mouvement. 
Cependant leurs rapports n'^taient pas toujours pr^cis^ment 
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time and distances are always wanting in that precision 
of measurement and amount without which, in the 
physical sciences, we can but grope our way in the 
dark. Reducing these different elements of estimation 
to a mean, I found that the total advance must be about 
forty feet in a year. On my last journey I obtained 
the more certain information which I have set down in 
the last chapter ; and the enormous difference which is 
shown between the two results arises from the fact 
that the last observations were made in the middle of 
the stream glacier, which advances with greater rapidity, 
whilst the first were made upon the edge, where the ice 
is held back by the friction of the walls of rock. Ebel 
thinks that the motion of glaciers is in general only 
from twelve to twenty-five feet a year; but it is easy to 
understand that it is impossible to obtain a general 
measure, and that there must be one for each glacier. 
The nature of the slope, the number of variations to 
which it is subjected, the depth of the ice, the width of 
its channel, the form of its banks, and a thousand 
other circumstances must make a difference in the 
rapidity with which the ice moves, and these circum- 



d'accord, et leurs indications de temps et de distances manquent 
toujours de cette precision de mesure et de quantity sans laquelle 
on est obligd de marcher h, tiLtons dans les sciences physiques. 
En r^duisant ces diff^rentes indications h, une moyenne, je trouvai 

?ue Tavancement total devait 6tre d'environ 40 pieds par ann^e. 
)an8 mon dernier voyage j'ai obtenu des renseignements plus 
certains que j'ai consign^ dans le chapitre prdc^dent, et I'^norme 
difference qui se trouve entre les deux r^ultats provient de ce 
que les demiferes observations ont ^t^ faites au milieu du 
glacier d'^coulement, qui marche avec plus de rapidity, tandis 
que les premiferes ont ii& faites sur le bord, oti la glace est 
retenue par le frottement des parrois rocheuses. Ebel pense 
que le mouvement des glaciers n*est en g^n^ral que de 12 k 25 
pieds par ann^e; mais il est facile de comprendre qu'il est 
impossible d'obtenir une mesure g^n^rale, qu*il doit y en 
avoir une pour chaque glacier. La nature de la pente, le 
nombre des variations auxquellcs elle est soumise, la profondeur 
des glaces, la largeur du couloir, la forme de ses bords, et mille 
autres circonstances doivent faire varier la vitesse des glaces, 
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stances cannot be absolutely the same everywhere. 
Nay more, it is not even easy to obtain this velocity 
for a single glacier, even with continuous observations ; 
and for this reason : In the parts of the glacier where 
the slope is more rapid, the layer of ice is thinner, its 
velocity is greater ; in those where the slope is almost 
nil, the ice swells and accumulates ; the mass in motion 
being double, treble, &c., the velocity is but a half, a 
third, &c. Two observers, who should start from two 
points so wide apart, would each draw false conclusions. 
Nor is this all — ^there is between the Glacier des 
Bois and a river a resemblance so complete that it is 
impossible to find in the glacier a circumstance which 
does not exist in the river. In currents of water the 
velocity is not uniform throughout their width nor 
throughout their depth ; the friction of the bottom, that 
of the sides, the action of obstacles cause a variation in 
the velocity which is undiminished only towards the 
middle of the surface. Now, the mere inspection of the 
glacier is sufficient to prove that the velocity of the 
centre is greater than that of the sides. The whole 



et ces circonstances ne saurient 6tre absolument les mfemes 
partout. Bien plus, il n'est pas mfeme facile d'obtenir cette 
vitesse pour un seul glacier, m^me avec des observations 
suivies ; en voici la raison. Dans les endroits du glacier oti la 
pente est plus rapide, la couche de glace est plus mince, sa 
vitesse est plus grande; dans ceux oii la pente est presque 
nulle, les glaces se renflent, s*accumulent ; la masse en mouve- 
ment ^tant double, triple, etc., la vitesse n'est que de la moiti^, 
du tiers, etc. Deux observateurs qui partiraient de ces deux 
points si diff(^rents, tireraient Tun et Tautre des consequences 
fausses. 

Ce n'est pas tout, il y a entre le glacier des Bois et im fleuve 
une ressemblance tellement complete qu*il est impossible de 
trouver dans celui-ci une circonstance qui ne soil pas dans 
Tautre. Dans les courants d*eau, la vitesse n'est pas uniforme 
dans toute la largeur ni dans toute la profondeur; le frotte- 
ment du fond, celui des bords, Taction des obstacles font varier 
cette vitesse, qui n'est entifere que vers le milieu de la surface. 
Or, la seule inspection du glacier suffit pour prouver que la 
vitesse du milieu est plus grande que celles des rives. La 
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surface is cut by crevasses, which are in general trans- 
verse to its direction. If the motion were the same 
throughout the mass these crevasses ^ which cut the 
surface in parallel drifts would form a straight line 
which would be always nearly perpendicular to the 
two banks ; but this is not so ; the general line is a 
curve whose convexity advances towards the bottom of 
the valley — a fact which can only be attributed to the 
greater velocity of the ice at this point. 

M. de la B^che relates that a ladder which had been 
left by M. de Saussure on the Col du G^ant in 1787 
was found in 1830 opposite to the Aiguille du Moine, 
— ^three leagues lower down. Following the movement 
of the ice, this ladder must have advanced about 200 
toises a year. M. Bozet, in his Cours de Geologie, says 
that a block of rock on the Glacier des Bois advanced 
only 183 metres in a year. To be correct, it would be 
necessary to discover the mean velocity — which is the 
real difficult3\ Under the impossibility of arriving at it, 
I content myself with giving that which, to the best of 
my judgment, I found at a point where the slope is very 
much toned down. 



surface entifere est couple par des crevasses qui sont en g^n^ral 
transversales k sa direction. Si le mouvement ^tait le m^me 
dans toute la masse, ces crevasses qui coupent la surface en 
endues parallfeles fonneraient une Ugne droite qui serait 
toujours k peu prfes perpendiculaire aux deux rives; mais il 
n*en est point ainsi ; la ligne gendrale est une courbe dent la 
eonvexit^ s'avance vers le has de la valine, ce qui ne pent etre 
attribu^ qu'i Texefes de vitesse que les glaces ont sur ce point. 

. M. de la B^che raconte qu'une dchelle qui avait 6t6 laiss^e 
par M. de Saussure sur le col du G^ant en 1787, a 4t6 trouvee 
en 1830 vis-i-vis le pic du Moine, qui se trouve trois lieues 
plus bas. En suivant le mouvement des glaces, cette dchelle 
aurait avance d'environ deux cents toises par ann^e. M. 
Bozet, dans son Cours de Geologic, dit qu'un bloc de rocher du 
glacier des Bois ne s'est avancd que de cent quatre-vingt-trois 
metres dans une ann^e. Pour etre vrai, il faudrait d^couvrir 
la vitesse moyenne, c'est \k le diflScile ; dans I'impossibilit^ 
d'y parvenir, je me contente de donner celle que j'ai cm 
trouver vers un point oil la pente est tres-radoucie. 
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I cannot refrain from here venturing upon a suggestion 
which has no other foundation than analogy of position 
— but as it may be of great importance in helping to 
explain the circulation of water round the globe, I 
offer it to physicists, without myself reposing entire 
faith in it. It is as follows — 

The learned observations of M. de Humboldt, those 
of Captains Garry, Franklin, and Back, have furnished 
the means of establishing the ratio in which temperature 
is lowered in proportion as we rise towards the poles 
and in a direction perpendicular to the horizon. Thus 
the isothermal line, which marks the commencement of 
perpetual snow, abuts in the one direction upon the 
seventy-fourth degree of northern latitude, and in the 
other upon a height of 8,000 feet up Mont Blanc; so that 
the summit of this mountain must have somewhere 
about the temperature of the glacial zone near the poles 
of the earth. 

But must not this identity of position produce 
identity of effect ? And might not the poles of the 
earth be also considered as two immense glaciers 
incessantly maintained by the condensation of the 
vapours which flow in towards them by the upper part 

Je ne puis m'empfecher de hasarder ici una id^e qui n'a 
d'autre fondement que Tanalogie de position ; mais comme elle 
peut Stre d'une grande importance pour rintelligenee de la 
circulation des eaux autour du globe, je la livre aux savants, 
sans y aj outer moi-mfeme une foi entifere. La voici : 

Les savantes observations de M. de Humboldt, celles des 
capitaines Garry, Franklin et Back, ont foumi les moyens 
d'^tablir les rapports d'aprfes lesquels s'abaisse la temperature k 
mesure qu'on s'^lfeve vera les p61es et dans la perpendiculaire & 
Thorizon. Ainsi la ligne isotherme qui marque le commence- 
ment des neiges perp^tuelles aboutit d'un cdte vers le 74°*® 
degr^ de latitude bor^le et de Tautre vera le 8,000™« pied de la 
hauteur du Mont Blanc, de sorte que le sommet de cette 
montagne doit avoir k pen prfes la temperature de la zone 
glaciale prfes des p&les de la terre. 

Mais cetie identity de position ne doit-elle pas produire 
I'identite des effets ? Et les poles de la terre ne pourraient-ils 
pas aussi etre considdrds comme deux immenses glaciera sans 
cesse entretenus par la condensation des vapeura qui affluent 
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of the atmosphere, and which discharge their ice into 
the surrounding seas ? In this case, the pressure re- 
sultinff from the motion of rotation, which has been 
capable of producing the flattening of the poles, would 
replace the action of weight, which is sufficient to make 
the ice flow over the inclined planes of the mountains ; 
and the masses of floating ice, which are often met with 
in the polar seas, would answer to the stream glaciers 
of our Alps — ^they would, at any rate, be rivers of ice 
setting forth to go and be melted in the temperate 
zones. We should find therein one more example of 
that law of circulation so often set to work in the opera- 
tions of nature. 



CHAPTER IX, 

OP ROCK-TRAINS. 

When we examine a glacier from an elevated point, 
we see towards the middle one, two, and sometimes 

vers eux par la partie sup^rieure de Tatmosphfere et qui se 
d^chargent de leurs glaces dans les mers environnantes. Dans 
ce cas, la pression resultant du mouvement de rotation qui a pu 
produire 1 applatissement des p&les, remplacerait Taction de la 
pesanteur, qui suffit pour faire couler la glace sur les plans 
inelin& des montagnes; et les masses de glace flottante que 
Ton rencontre souvent dans les mers polaires, seraient comme 
les glaciers d'feoulement de nos Alpes. Ce serait toujours des 
fleuves de glace partant pour aller se fondre dans les zones 
temp^r^es. Nous retrouverions encore Ik un exemple de cette 
loi de la circulation, si souvent mise en ceuvre dans les opera- 
tions de la nature. 



CHAPITRE IX. 

DES TRAINEES ROCHEUSES. 

Quand on examine im glacier d'un point dlev^ on voit vers 
le milieu une, deux et quelquefois trois ou quatre traces de 
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three or four tracks of sand, of earth, and of blocks of 
rock which extend throughout its length, following 
lines parallel to the sides. These selvages, as it were, of 
a gray-blackish colour which contrast with the ice, 
astonish all travellers. I shall give them the name of 
rock-trams, which seems to me to characterize them 
well enough. We may ask ourselves, with respect to 
these roads of stone, several questions to which none but 
false, or at least insufficient, answers have been given. 
First, Whence come these rocks ? Secondly ^ Why are 
they at the surface rather than in the interior of the 
ice ? Thirdly, Why towards the middle rather than to- 
wards the sides ? Fourthly, Why divided into several 
trains ? Fifthly, Why is the ice higher beneath every 
rock? I will answer each of these questions, the solu- 
tions of which appear to me easy. 

First. The glaciers often pass at the feet of lami- 
nated rocks of which they receive the debris ; on the 
other hand avalanches scarcely ever happen without 
bringing with them earth and detached blocks ; lastly, 
the ice which falls from precipitous summits brings its 
quota of them too ; it is not, therefore, surprising that 



sable, de terre et de blocs de rochers qui s'^tendent sur toute 
sa longueur, en suivant des lignes parallfeles aux bords. Ces 
espfeces de lisiferes de couleur gris-noirsitre qui contrastent avec 
la glace, ^tonnent tous les voyageurs. Je leur donnerai le nom 
de Trainees liocheuses, qui me parait assez bien les caract^riser. 
On peut se faire, relativement h, ces voies pierreuses, plusieurs 
questions auxquelles on n*a donnd que des solutions fausses ou 
du moins insuffisantes. 1° D'oii viennent ces rochers? 2° 
Pourquoi sont-ils a la siuface plutfit qu'^ Tinterieur des 
glaces? 3° Pourquoi vers le milieu plus que vera les bords? 
4 Pourquoi divis^s en plusieura trainees ? 5° Pourquoi la 
glace est-elle plus ^ev^e sous chaque rocher ? Je vais r^pon- 
dre k chacune de ces questions, dont les solutions me paraissent 
faciles. 

1° Les glaciera passent souvent aux pieds des rochera feuil- 
let^s dont ils re9oivent les debris; d'un autre c6t^, les ava- 
lanches n'arrivent gufere sans entrainer avec elles des terres et 
des blocs d^tach^s ; enfin, les glaces qui tombent des sommets 
escarp^s en entrainent aussi : il n'est done pas ^tonnant que le 



90 THE 0LACIER8 OF 8 A VO F. 

the river of ice, like all torrents, should cairry off the 
dShris of the mountain from which it descends. 

Secondly. Why are they on the surface ? There is 
amongst the mountain inhabitants of the Alps a 
general prejudice, which many travellers and naturalists 
have shared — ^viz., that glaciers cast up on their 
surface all foreign bodies which are in their interior. 
A guide, in pointing out this fact to me, made use of 
an axiom which comprehended the whole belief of the 
country on this subject. The glacier, said he to me, 
keeps nothing impure. 

What has given rise to this popular axiom, that the 
glacier keeps nothing impure (which means nothing 
foreign to its substance), may be as follows: — On atten- 
tively observing the texture of the ice, we perceive 
that the foreign particles which it contains have not 
entered into combination with its substance, but that 
they are gathered together, and that they have formed 
nests, nodules, little heaps inclosed in hollows left by 
the ice. The very air has been repelled from intimate 
combination, and is collected together in little globules 
more or less elliptical, which give to the ice as a whole 



fleuve de glace emporte, comme tous les torrents, les d^ris des 
montages d'oii il descend. 

2° rourquoi sont-ils k la surface ? II y a parmi les mon- 
tagnards des Alpes un pr^jug^ g^n^ral qu'ont partagd beaucoup 
de voyageurs et de naturalistes, c*est que les glaciers rejfetent a 
leur surface tous les corps ^tmngers qui sent dans leiu* int^rieur. 
Un guide, en m'endiquant ce fait, se servait d'un axiome qui 
contenait sur ce sujet toute la croyance du pays : Le glacier, 
me disait-il, ne garde rien dimpur, 

Voici ce qui a pu donner lieu k cet axiome populaire, que le 
glacier ne garde rien d'impur, ce qui signifie rien d'^tranger k 
sa substance : en observant attentivement la contexture de la 
glace, on s'aper5oit que les parties ^trangferes qu'elle contient ne 
sont point entries en combinaison avec sa substance, mais 
qu'elles se sont r^unies entre elles, et qu'elles ont form^ des 
nids, des nodules, de petits amas renferm^s dans un vide laisse 
par la glace. L'air lui-m^me a ^t^ repouss^ de Ja combinaison 
intime, et s'est r^uni en petits globules plus ou moins ellip- 
tiques, qui donnent a Tensemble de la glace cette forme bulleuse 
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that bubbled appearance of which I have spoken else- 
where. The little heaps of sand are very frequent in 
the ice. This is but the repetition of a phenomenon 
which is met with in every kind of crystallization. At 
the moment when crystallization begins, particles of 
identical constitution, being free to move in the medium 
which serves them as a vehicle, seek one another, draw 
nearer and nearer to one another, and leave the foreign 
particles in their isolation. These in their turn seek 
their congeners, and form other spherulse which, in- 
ferior in numbers, remain imprisoned in the more 
powerful substance. This general law of assimilation, 
which is as the soul or the will of nature, obtains 
throughout, but in particular in mineralogy. It is 
thence that arise the formation of nuclei in rocks, 
the crystalline spherulsB of all the granitoids, crystals 
on their gangues, geodes in the rocks in which 
they are encrusted, amygdaloid aggregations, the 
veins of ribboned schists, the marbled appearance of a 
great number of substances, etc., etc. But we must be 
careful to observe that the moment that solidity is esta- 
blished between the particles, each keeps its place for 



dont j'ai parl^ aiUeurs, Les petits amas de sable sont fort 
frequents dans les glaces. Ce n'est ici que la r^p^tition d'un 
phdnomfene qui se rencontre dans tous les genres de cristalisa- 
tion. Au moment ou la cristalisation commence, les parties iden- 
tiques libres de se mouvoir dans le milieu qui leur sert de 
vdhicule, se cherchent, s'unissent de proche en proche et laissent 
les parties ^trangferes dans leur isolement. Celles-ci & leiu* tour 
cherchent leurs analogues et ferment d'autres spherules qui, 
moins nombreuses, restent emprisonndes dans la substance la 
plus puissante. Cette loi g^n^rale de Tassimilation, qui est 
comme Tame ou la volenti de la nature, s'observe pai*tout, mais 
en particulier dans la mineralogie. C'est de Ik que viennent 
la formation des nceuds dans les rochers, les spherules crista- 
lines de tous les granitoides, les cristaux sur leurs gangues, les 
geodes dans les rochers oil elles sont empat^es, les agr?gations 
amigdaloides, les veines des schistes rubann^s, les apparences 
jaspdes d'un grand nqmbre de substances, etc., etc. Mais il 
faut bien observer que dhs I'instant oti la solidity est ^tablie 
entre les parties, chacune garde ^temellement sa place jusqu'^ 
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ever until a power external to the system comes and 
destroys the integrity of the combination to give passage 
to foreign substances. Nothing therefore of what is 
contained in the interior of the ice can get out of it 
before the ice is melted to the spot where the foreign 
substance lies. 

To return to the received prejudice. It is thought 
then that a rock which has rolled into a deep crevasse 
rises up again little by little towards the surface — that 
it is vomited up by the glacier. This mysterious force, 
which brings up again from below masses so consider- 
able, has much occupied the attention of physicists — a 
theory ingenious enough had even been invented to ex- 
plain it ; but, as often happens with the constructors of 
theories, the facts had been arranged to suit the theory 
instead of basing the theory upon the facts. 

It can be given in two words. The rocks are in the 
crevasses; the vapour which is condensed on their 
w^alls, and the rain water which falls on them, flow doij^Ti 
to the lower part of the block in contact with the ice ; 
there this water is frozen ; by this very operation its 
volume is augmented, and by this means it lifts up the 

ce qu'une puissance venue d'en dehors du systfeme, d^truise 
Tensemble de la combinaison pour donner un passage aux sub- 
stances ^trang^res. Rien done de ce qui est contenu dans 
I'intdrieur des glaces ne peut en sortir avant que la glace ne 
soit fondue jusqu'i Tendroit oil se trouve la substance dtrangfere. 

Revenons au pr^jag^ re5U. On pense done qu'un rocher 
qui a roul^ dans une crevasse profonde, remonte peu k peu vers 
la surface ; qu'il est revomi par le glacier Cette force 
myst^rieuse qui reportait une masse aussi considerable de bas 
en haut, a beaucoup occup^ les physiciens ; on avait meme 
imaging pour Texpliquer une th^orie assez ing^nieuse; mais, 
comme cela se pratique souvent parmi les faiseurs de th^orie, on 
avait rang^ les faits pour le th^orie au lieu de baser la throne 
sur les faits. 

La voici en deux mots : Les rochers sont dans les crevasses ; 
la vapour qui se condense sur leurs parrois, Teau de pluie qui 
tombe sur eux coulent jusqu'&, la partie inf^rieure du bloc en 
contact avec la glace ; 1^ cette eau se congfele ; par 1^ meme elle 
augmente de volume, et par ce moyen soulfeve le bloc dime 
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block by an amount in proportion to the quantity of 
water frozen. By constant repetition, this movement 
at length bears the rock to the surface of the glacier. 

Without stopping for needless refutations, let us begin 
by giving the facts which have led to error. Stones 
are more numerous on the surface, because those in the 
interior not being visible, we cannot make a comparison ; 
because all those which fall on the glacier throughout 
its course remain there ; and lastly, because a portion 
of those which are at first covered with ice end by find- 
ing themselves entirely on the outside ; and it is this 
last circumstance which has led to erroneous conclusions; 
it is the one which it is important to explain. 

If we examine a rock still buried in the ice and which 
shows itself on the surface at one point only, we observe 
that this visible point becomes larger and larger. At 
the end of a year the progress is sensible, and there 
arrives at last a period when the whole rock is visible. 
It is inferred that the ice has rejected it. It would 
have been just as easy to say that the ice having dimin- 
ished above and then around it, the rock is found on 
the surface because this surface, whose nature it is to 

quantity proportionn^e k la quantity d'eau congel^. A force 
de se r^p^ter, ce mouvement porte enfin le roeher k la surface 
du glacier. 

Sans nous arr^ter k des refutations inutiles, commen^ons par 
donner les faits qui ont pu induire en erreur. Les cailloux 
sent plus nombreux k la surface, parce que ceux de Tint^rieur 
n'^tant pas visibles, on ne peut faire de comparaison; parce 
que tous ceux qui tombent sur le glacier pendant tout son 
trajet, y restent; et enfin, parce qu'une partie de ceux qui sont 
d'abord converts de glace, finissent par se trouver entiferement 
au dehors ; et c'est cette dernifere circonstance qui a pu induire 
en erreur ; c'est celle qui! impoi-te d'expliquer. 

Si Ton examine un roeher encore enseveli dans la glace et 
qui ne se montre k la surface que par un point, on observe que 
ce point visible devient de plus en plus gi'and. Au bout 
d'une ann^e, le progrfes est sensible, et enfin il arrive une ^poque 
oil tout le roeher est visible ; on en conclut que la glace Fa re- 
pouss^; il e^tdte tout aussi facile de dire que la glace ay ant 
diminu^ au-dessus et ensuite autour de lui, le roeher s'est 
trouv^ k la surface, parce que cette surface dont la nature 
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change, must have sunk in proportion as melting has 
taken place. 

In fact, as soon as the ice has passed the line which 
separates the region of vegetation from that of ice, it 
begins to melt, and the quantity of this melting increases 
proportionately to its descent; so that the quantity of ice 
supplied by the current is so much the less as the place 
of measurement is lower down, until w^e arrive at the 
point of total destruction. It must follow necessarily 
that a rock, which towards the upper part of the glacier 
was hidden beneath a certain thickness of ice, must be 
entirely visible when it has passed through a certain 
space along with the mass which bears it on. Did this 
explanation need demonstration, it could be given by 
the facts I am going to mention. In the middle of the 
rock'traiiis there are blocks which are not on the surface 
but raised above it on pedestals of ice. M. de Saussure 
had observed this fact ; it is thus that he speaks of it : 
'* The ice under these ridges (this is the name he gives 
" to the rock-trains) is much higher than in their 
" intervals, because the debris accumulated upon them 
'* preserves it from the action of the sun and prevents it 

est changeante, a dH s'abaisser k mesure que la fusion s'est 
op^r^e. 

En effet, dfes que les glaces ont d^pass^ cette ligne qui s^pare 
la region v^g^tale de la region glac^e, elles commencent k 
fondre, et la quantity de cette fusion s'accrolt k raison de leur 
abaissement ; de sorte que la quantity de glace fournie par le 
courant est d*autant moindre qu'on la mesure plus has, jusqu'k 
ce que Ton arrive au point de la destruction totale. II doit s'en 
suivre n^cessairement qu'un rocher qui, vers le haut du glacier, 
^tait cach^ au-dessous d'une certaine ^paisseur de glace, doit se 
trouver entiferement visible quand il a fait avec la masse qui 
Tentraine un certain trajet. Si cette explication avait besoin 
d'etre d^moutr^e, on pourrait le faire par les faits que je vais 
indiquer. Au milieu des trainees rocheuses, il y a des blocs 
qui ne sont pas k la surface, mais ^lev^s au-dessus d'elle sur des 
pi^destaux de glace. M. de Saussure avait observe ce fait ; voici 
comment il en parle: "La glace sous ces aretes (il appelle 
"ainsi les trainees rocheuses) est beaucoup plus dlev^e que 
"dans leurs intervalles, parce que ces ddbris accumul^a sur 
" eUe, la preservent de Taction du soleil et Temp^chent de se 
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from being reduced to water or vapour. We even see 
" in many places great fragments of rock upheld at a 
'* height of 4 or 5 feet above the level of the glaciers by 
" pedestals of snow or of ice which they have prevented 
'' from being melted." 

I find the same phenomenon on the glacier of the 
Talfefre. " We halted under the shade of an enormous 
"block of granite which was upheld at a height of 
" several feet above the glacier by a pedestal of living 
" ice of which it had prevented the melting."* 

Unless we were to say that the glaciers have 
such a horror of rocks that they raise them even 
several feet above their surface, we must be content to 
say that it is the level of the glacier that has been 
lowered by the process of melting, which appears to be 
pretty considerable even at the height of the Tal^fre, 
inasmuch as the fragment of granite remained raised 
several feet above the surface of the glacier. 

Thirdly. Why towards the middle rather than to- 
wards the sides? M. de Saussure has attempted to 
account for this phenomenon ; but what he says is far 

* Voyage dans Us Alpes, tome 2, pages 23 and 27. 



"r^uire en eau ou en vapeur. On voit mSme en bien des 
" endroits de grands fragments de rocher soutenus & 4 ou 5 pieds 
" au-dessus du niveau du glacier, par des pi^estaux de neige ou 
" de glace qu'ils ont emp^ch^ de fondre." 

Je trouve le m^me ph^nomfene sur le glacier du TalSfre. 
" Nous f imes halte k Tombre d'un bloc ^norme de granite qui 
"^tait soutenu k plusieurs pieds d'dl^vation au-dessus du 
" glacier par un pi^destal de glace vive, dont il avait empSchd 
" la fusion."* 

A moins que Ton ne voultlt dire que les glaciers ont une telle 
horreur pour les rochers qu'ils les ^Ifevent mSme de plusieurs 
pieds au-dessus de leur surface, il faudra bien consentir k dire 
que c'est le niveau du glacier qui s'est abaiss^ par la fusion, qui 
parait assez considerable mSme k la hauteur duTalfefre, puisque 
le fragment de granite est rest^ ^ev^ de plusieurs pieds au- 
dessus de la surface du glacier. 

3° Pourquoi vers le milieu plut6t que vers les bords ? M. de 
Saussure a voulu rendre raison de ce phenomfene ; mais ce qu'il 

* Voyage dans les Alpes, tome 2, page 23 et 27. 
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from being satisfactory to a mind determined before- 
hand not to be content with an appearance of light. 
I have sought another solution of the problem ; I 
thought I had found it in the passage of glaciers 
through contracted gorges where the streams of ice, 
brought into one, carried towards a single point of 
small extent the fragments which they bear, and 
which, after such passage, remained in the same rela- 
tive position ; but on submitting this cause to a severe 
criticism, I saw that it could not stand the test, 
and I leave to others the task of clearing up this 
mystery. 

Nevertheless, I wish to add a cause which is not 
destitute of all probability. As we shall see in the 
following chapter, the surface of glaciers is in general 
convex, and the curve which bounds them increases 
considerably as we come near the edges. Is it not 
probable that the blocks of rock which are the nearest 
to the banks have slid little by little, following the 
lateral slope, and have come to increase or form those 
moraines which almost constantly fringe the glaciers ? 
This is all the more probable, inasmuch as the rock- 
trains repose, towards the middle of the glaciers, on a 



dit est lorn de pouvoir satisfaire un esprit d^id^ d'avance k 
ne pas se contenter d'une apparence de lumifere. J*ai cherchd 
une autre solution du probleme ; j 'avals cm Tavoir trouv^e dans 
le passage des glaciers par des gorges resserr^es 06 les glaces 
r^unies portaient vers un point peu ^tendu les fragments qu'ils 
entrainent, et qui aprfes le passage demeuraient dans cette 
position respective; mais en soumettant cette cause k une 
s^vfere critique, j'ai vu qu'elle ne pouvait en supporter T^preuve, 
et j'ai laiss^ k d'autres le soin d'^claircir ce mystfere. 

Cependant je veux aj outer une cause qui n'est pas d^pourvue 
de toute probability. Comme nous le verrons dans le chapitre 
suivant, la surface des glaciers est en g^ndral convexe, et la 
courbe qui les termine augmente consid^rablement en arrivant 
vers les bords. N'est-il pas probable que les blocs de rochers 
qui sont le plus rapproch^s des rives ont gliss^ peu k peu en 
suivant la pente latdrale, et sont venus accroitre ou former ces 
moraines qui bordent presque constamment les glaciers ? Ceci 
est d'autant plus vraisemblable, que les travri4es rocheuses 
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part more elevated, and, in general, more unbroken 
than the rest of the surface. 

Fourthly. Why several distinct and separate trains? 
The answer is easy. When two rivers unite, their 
waters do not mingle at once; they move on abreast in 
the same bed, and if their colour is different, they may 
still be recognized at more than half a league from their 
confluence. A fortiori it is the same with rivers of ice ; 
they reach the same bed, each bearing its rock-traiuy 
and as their solid waves cannot intermingle, the trains 
take each its course in parallel lines down to the end of 
the glacier. There are on the Glacier des Bois three 
rock-trains, because it is, in fact, formed of three glaciers 
which come and unite themselves in one valley. 

Fifthly, Why is the surface of the glacier higher 
underneath these trains? M. de Saussure gives a 
correct reason for the phenomenon — namely, that the 
ice, protected from the sun by the presence of earth and 
rocks, does not melt at this point as much as elsewhere. 
To that I will add a second, which I will work out at 
length by and by, when its power will be better under- 
stood. It is that these rocks protect the ice from 



restent vers le milieu des glaciers sur une partie plus ^ev^e et 
en g^n^ral plus unie que le reste de la surface. 

4° Pourquoi plusieurs trains distinctes et s^par^es ? La 
r^ponse est facUe. Quand deux fleuves se r^unissent, leurs 
eaux ne se mSlent pas d^s le premier moment; elles avancent 
de front dans le m^me Ut, et si leur couleur est diff^rente, on 
les reconnait encore k plus de demi-lieue du confluent A plus 
forte raison en est-U de mfeme des fleuves de glace : ils arrivent 
dans le m^me lit chacun portant sa trainee rochevse, et comme 
leurs flots solides ne peuvent se eonfondre, les trainees se 
suivent parallfelement jusqu'au bout du glacier. II y a sur le 
glacier des Bois trois trahi^es rocheuses, parce qu'en effet U est 
form^ de trois glaciers venus se r^unir dans la m^me valine 

5° Pourquoi sous ces trainees la surface du glacier est-elle 
plus ^lev^e ? M. de Saussure en donne une raison vraie, c'est 
que la glace pr^serv^e du soleil par la presence de la terre et 
des rochers, ne fond pas sur ce point autant qu'ailleims. A 
celle-lk j'en ajouterai une seconde, que je d^velopperai plus tard, 
et dont on comprendra mieux la puissance : c'est que ces rochers 

Q 
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the rain whicli causes it to melt mucli more rapidly 
than the sun would do. 



CHAPTER X. 

OF THE FORM OF STREAM GLACIERS. 

I HAVE already observed that stream glaciers are rivers 
of solid water ; all the phenomena of rivers are re- 
produced in them with a fidelity which would be suffi- 
cient to make us suspect the purposes they serve. They 
widen or contract according to the nature of the sides. 
The velocity of the waves is measured by the rapidity of 
the slope ; the cavities and inequalities which are very 
probably to be found in the bottom of its bed are not 
reproduced at the surface, which preserves a uniform 
progress. The drifts ot ice marked by transverse 
crevasses seem to come on in regular succession ; but 
they appear to have more rapidity towards the middle, 
which gives to each wave the form of a semicircle whose 

garantissent la glace de la pluie qui la fait fondre bien plus 
rapidement que ne le ferait le soleiL 



CHAPITRE X. 

DE LA FORME DES GLACIERS D'ECOULEMENT. 

Je Tai d6jk dit, les glaciers d'^coulement sont des fleuves 
d'eau solide ; tous les ph^nomfenes des fleuves s'y retracent avec 
une fiddlit^ qui sufiirait pour faire soup*5onner leur usage : ils 
s'^argissent ou se r^tr^issent selon la nature des bords. La 
vitesse des flots se mesure sur la rapidity de la pente; les 
cavit^s et les in^galit^s qui se trouvent bien probablement 
dans le fond du lit, ne se reproduisent point k la surface, qui 
conserve une marehe uniforme. Les ond^es de glace marques 
par des crevasses transversales semblent se suivre ; mais elles 
paraissent avoir plus de rapidity vers le milieu, ce qui donne k 
chaque ond^e la forme d'un demi-cercle dont la convexity est 
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convexity is turned towards the bottom of the valley. 
The river follows a straight line or winds according to 
the direction of its banks. There are in the form of 
glaciers four principal characteristics which deserve our 
attention for a moment. They are — ^firstly, their swell- 
ing towards the middle ; secondly, the crevasses which 
cover them ; thirdly, wells ; fourthly, drainage waters. 

Of the Swelling of Ice Streams. 

It must be remembered that my observations always 
refer to the Glacier des Bois, which is, so to speak, a 
classical glacier, by reason of its extent, its mass, its 
position and the aggregate of the phenomena which it 
presents. When we wish to cross it, we begin by 
mounting from the side to the middle or nearly so, and 
thence we descend again to the other bank, so that the 
surface of the glacier is hog-backed, and the waters 
which proceed from the melting of the ice distribute 
themselves and flow from the middle towards the two 
banks and not in the direction of the flow of the stream. 
The reason of this form is, as I believe, the much greater 



toum^e vers le has de la valine. Le fleuve suit une ligne droite 
ou serpente selon la direction de ses rives. II y a dans la 
forme des glaciers quatre choses principales qui m^ritent de 
nous arr^ter un instant, ce sont V leur renflemenfc vers le 
miUeu, 2** les crevasses qui les couvrent, 3° les puits, 4° lea 
eaux d'^coulement. 

Du renfiement des glaciers cP4coulement 

II faut se rappeler que mes observations se rapportent 
toujours au glacier des Bois, qui est pour ainsi dire un glacier 
classique par son ^tendue, par sa masse, par sa position et par 
Tensemble des ph^nomfenes qu'il pr^sente. Quand on veut le 
traverser, on commence par monter dfes le bord jusqu'au milieu 
ou k peu prfes, et de 1^ on redescend jusqu'^ Tautre rive, de sorte 
que la surface du glacier est en dos-d'sLne, et les eaux qui pro- 
viennent de la fonte des glaces se distribuent et coulent du 
milieu vers les deux rives et non pas dans le sens de la 
direction du fleuve. J'ai cru trouver la raison de cette forme 
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melting at the sides than towards the middle. I might 
point out as the original cause the reflection of the sun 
produced by the rocks along the shores ; but if this 
cause is of any consequence in the production of the 
phenomenon under consideration, I think it not suffi- 
ciently appreciable, looking to the effects produced, to 
set it down as the only one. This increased melting is 
due, in my opinion, to the flow of water. 

Several circumstances had proved to me that ice 
subj ected in air to an elevated temperature resisted 
melting very much longer than when exposed to 
moisture or put into even very cold water. In order 
to obtain a little more precision, I made some experi- 
ments which fully confirmed me in this opinion. In the 
month of August, I took two cubes of ice, each weigh- 
ing one pound. I put the first into a volume of water 
weighing nine pounds, and at a temperature of sr 
Fahrenheit, and in the shade. I exposed the second in 
a wicker basket to a sun of 83f° Fahrenheit. The first 
was entirely melted at the end of an hour and fifteen 
minutes, lowering the temperature of the water in 
which it was to 43^ The second passed six hours in 

dans la fusion bien plus grande sur les bords qu'elle ne Test 
vers le milieu. Je pourrais indiquer comme premifere cause la 
reverberation du soleil produite par les rochers du rivage ; 
mais si cette cause est pour quelque chose dans la production 
du phenomfene qui nous occupe, je la crois trop peu sensible 
pour la placer seule vis-i-vis des effets produits. Get accroisse- 
ment de fusion est d<i selon moi k Tecoulement des eaux. 

Plusieims circonstanees m'avaient prouv^ que la glace soumise, 
dans Tair, k une temperature eievee, r^sistait bien plus long- 
temps k la fusion que quand elle etait exposee k Thumidite ou 
mise dans de Teau mSme trfes-froide. J'ai fait, pour obtenir un 
peu plus de precision, quelques experiences qui m'ont pleincr 
ment confirme dans cette opinion. Au mois d*ao<it,j*ai pris 
deux cubes de glace, chacun du poids d*une livre. J'ai mis le 
premier dans un volume d'eau du poids de neuf livres, et k la 
temperature de -|- 11° Reaumur et k Tombre. J'ai expose le 
second dans un panier d'osier, k un soleil de + 23*" Reaumur. 
Le premier a ete entiferement fondu apr^s une heure et 15 
minutes, en abaissant la temperature de Teau dans laquelle il 
etait k + 5°. Le second a passe six heures au soleil, et ensuite 
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the sun, arid then in a temperature of from 63^** to 66°, 
and was melted only at the end of 14 hours. 

To discover the relation which exists between the 
power of water to effect the fiision of ice, and the power 
of the air to bring about the same result, I reasoned as 
follows : — 

Firstly. The first bit of ice, which was melted in 
one hour and fifteen minutes, whilst reducing the water 
from 57*" to 43°, may be supposed, without any consider- 
able error, to have melted in a mean temperature of 50°, 

To compare now the cube of ice exposed to the sun 
and air with that which was subjected to the water, I 
reduced to 50° the two temperatures to which it was 
exposed. Thus, let us grant in the process of first ap- 
proximation, that the ice exposed to the sun in an atmo- 
sphere at 83f ° was melted no faster than if it had been 
in the shade in an atmosphere also raised to the tem- 
perature of 83f°; six hours passed in an atmosphere at 
83f°are equivalent to 17 hours 15 minutes passed in 
an atmosphere at 50°; for it is evident that the periods 
necessary to melt the same quantity of ice are in the 
inverse ratio of the temperatures of the air in which the 

dans une temperature dc -h 14 ^ 15 degr&, et n'a ^t^ fondu 
qu'aprfes 14 heures. 

Voici comment j'ai raisonn^ pour d^couvrir le rapport qui 
existe entre le pouvoir de Teau pour op^rer la fusion de la glace, 
et le pouvoir ae Tair pour obtenir le mSme r^sultat. 

1° Le premier morceau de glace qui a fondu en une heure et 
15 minutes en ramenant Teau de -H IV k -h 5°, pent fitre sup- 
pose, sans erreur trop considerable, avoir fondu dans une tem- 
perature moyenne de -H 8°. 

Pour comparer maintenant le cube de glace expos^ au soleil 
et k Tair, k celui qui a dte soumis k Teau, j'ai r^duit ii. -H 8° les 
deux temperatures auxquelles il a ete expose. Ainsi admettons 
dans une premiere approximation que la glace exposee au soleil 
dans un air k -h 23"" n'ait pas fondu plus vite que si elle avait 
ete k Tombre dans un air aussi eieve k la temperature de 
-h 23° ; six heures passees dans un air k -h 23° equivalent kV7 
heures 15 minutes passees dans un air k -h 8° ; car il est evi- 
dent que les temps necessaires pour fondre une m6me quantite 
de glace sont en raison inverse des temperatures de Tair dans 
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ice is (the temperatures being measured from the freez- 
ing point, or 32°) we shall have, therefore, 18° : 5 if" : : 
6 hours : x: whence x = 17 hours 15 minutes. For 
the same reason, the eight hours passed in an atmo- 
sphere at 63^° are equivalent to 14 hours passed in an 
atmosphere at 50°; for we shall have, as above, 18° : 
31^° :: 8 hours : x : whence a; = 14 hours. 

Melting in the air at 50° would therefore have 
taken place in 17 hours 15 minutes +14 hours = 31 
hours 15 minutes, a period equal to 25 times 1 hour 15 
minutes, that is to say, the time necessary for the 
melting of a quantity of ice in water at 50°. 

This ratio of 25 to 1 is much below the truth; for. First y 
the mean temperature of the water must have been 
below 50°, because the water must have cooled at the 
beginning in a ratio much more rapid than at the 
end. (It would be greater still in the case of water 
in agitation or running) ; Secondly, the ice in the 
sun melted not only by the contact of the air, but also 
by the direct action of the solar rays. Now, these two 
causes concurred in diminishing the ratio we are in 
search of. 

If, by way of an approximation, we suppose that the 

lequel cette glace se trouve: on aura done: (+ 8° : + 14!° 
[? 23°] : : 6 h. : £C = 17 heures 15 minutes). Par la m^me 
raison, les huit heures pass^es dans un air k + 14°, Equivalent 
h. 14 heures passEes dans un air ^ + 8° ; car nous aurons 
comme tout i Theure : (+ 8° : + 14° : : 8 h. : ic = 14 heures). 

La fusion dans I'air k + 8° aurait done eu lieu dans 17 heures 
15 minutes + 14 heures = 31 heures 15 minutes, temps qui 
Egale 25 fois 1 h. 15 m., c'est-&,-dire le temps n^cessaire pour la 
fusion d'une quantity de glace dans de Teau k + 8°. 

Ce rapport de 25 ^ 1 est de beaucoup inf^rieur k la vErite ; 
car, 1° la temperature moyenne de Teau a d<i ^tre au-dessous 
de 8°, parce que Teau a d<i se refroidir au commencement dans 
un rapport beaucoup plus rapide qu'^ la fin. (II serait encore 
plus grand dans une eau agitee ou courante); 2° la glace au 
soleil fondait non-seulement par le contact de Fair, mais aussi 
par Taction directe des rayons solaires. Or, ces deux causes 
ont concouru pour diminuer le rapport que nous cherchons. 

Si par une approxinaation on suppose que la glace, pendant 
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ice, during the six hours passed in the sun, melted as 
much by the direct action of the solar rays as by the 
contact of the air, the 'six hours passed in the sun 
would be equivalent no longer to 17 h. 15 m. but to 
twice that amount — viz., to 34 h. 15 m. passed in an 
atmosphere at 50"^; we should have, therefore, 34 h. 
30 m. + 14 h. = 48 h. 30 m. for the time necessary 
for a cube of one pound of ice placed in an atmosphere 
of 50° to arrive at complete melting, whilst in water it 
needed but 1 h. 1 5 m. to produce that result ; the ratio 
of these two numbers would be 38*8 to 1, instead of 25, 
the figure arrived at just now. 

Without wishing to claim for this experiment all the 
precision of which it is susceptible, it at any rate results 
from it that ice melts much more rapidly under the 
action of water than under that of the air; the same con- 
clusion, moreover, might have been arrived at directly, 
from the enormous difference between their capacities 
for heat — for, with equal masses, that of water being 
1, that of the air is only 0*2669. 

The knowledge of this property of water is of gi'eat 
importance, and we shall see that it accounts for the 
greater part of the phenomena presented by glaciers. 

las 6 heurs pass^es au soleil, a fondu autant par Taction directe 
des rayons solaires que par le contact de Tair, les 6 heurs passees 
au soleil n'equivalent plus k 17 h. 15 m., mais au double, k 34 
h. 30 m. passees dans un air i + 8° ; on aurait done 34} h. 30 
m. + 14 h. = 48 h. 30 m. pour le temps n^cessaire k \ni cube 
d'une livre de glace plac^ dans un air i + 8°, pour arriver h, 
la fusion complete, tandis que dans Teau il n'a fallu pour cela 
que 1 h. 15 m. ; le rapport de ces deux nombres serait de 38,8 
k 1, au lieu de 25 que nous avons trouv^ tout k Theure. 

Sans vouloir dpnner k cette experience une precision aussi 
grande qu'elle pourrait Tavoir, il en resulte du moins que la 
glace fond beaucoup plus vite sous Taction de Teau que sous 
celle de Tair; c'est d'ailleurs ce qu'on aurait pu conclure 
directement de Tenorme difference de leur capacity pour le 
calorique ; car, k masse ^gale, celle de Teau dtant 1, celle de 
Tair n'est que de 0,2669. 

La connaissance de cette propriete de Teau est trfes-impor- 
tante, et Ton verra qu'elle rend compte de la plupart des 
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It is even susceptible of practical application. After the 
terrible inundation which ravaged the Vallde de Bagnes 
in the Valais, on the 16th June, 1818, the Govern- 
ment instituted researches on the most effectual means 
for preventing the recurrence of such a scourge. The 
problem was to destroy the accumulation of ice which 
prevented the water from flowing away. The engineer 
who was at the head of this undertaking employed no 
other expedient than that of dii-ecting the waters from 
above over the surface of the glacier, so as to diminish 
its mass by fusion. Whatever opposition M. Venetz 
encountered, I am of opinion that the method chosen 
by him is a perfectly rational one, since it is justified 
by the experiment I have just pointed out. I have 
not been able to learn whether his attempt has met 
with the success that he expected from it. 

Let us now bring our experiment to bear upon the 
glaciers. The rain water, the water formed by the 
condensation of vapour, the water which proceeds from 
the melting of ice, arrive at the two edges of the 
glacier ; but, as they start from the middle, their 
quantity will be greater in proportion as they approach 



pbdnom^nes que pr&entent les glaciers. Elle est mSme 
susceptible d'applications utiles. Aprfes la terrible deb&cle qui 
ravagea la valine de Ba^es en Valais le 16 juin 1818, le 
gouvemement fit rechercner les moyens les plus propres h, 
pr^venir le retour d'un tel fldau. II fallait d^truire des amas 
de glace qui arretaient r^coulement des eaux. L*ing^nieur 
qui prdsidait k cette entreprise, n'a pas employe d'autre moyen 
que celui de dinger les eaux sup^rieures sur la surface du 
glacier, afin d'en diminuer la masse par la fusion. Quelles que 
puissent etre les oppositions que M. Venetz a rencontr^es, je 
crois que le moyen qu'il a choisi est parfaitement rationnel, 
puisqu'il est justifi^ par Texp^rience que je viens d'indiquer. 
Je n'ai pu savoir si ses tentatives ont obtenu le succfes qu'il en 
attendait. 

Reportons maintenant notre experience sur les glaciers. 
L'eau de la pluie, Teau qui se forme par la condensation des 
vapeurs, Teau qui provient de la fusion des glaces, arrivent sur 
les deux bords du glacier ; mais comme elles partent du milieu, 
leur quantite sera plus grande k mesure qu'elles s'approcheront 
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the bank, and their effect in producing fusion will be 
more considerable ; the ice, therefore, must be lowered 
towards the edges, and the surface of the glacier will be 
a hog's back. 



CHAPTER XI. 



OF CREVASSES. 



All who have described the Mer de Glace have 
employed the same term of comparison to give a just 
idea of it to those who have not seen it. ** The surface 
" of the glacier," says M. de Saussure, "seen from the 
" Mont Envers, resembles that of a sea suddenly frozen, 
" not at a moment of actual tempest, but at an instant 
" when the wind is calmed, and the waves, though very 
'* high, are with the crests off, and rounded." * 

These iiregularities of surface, so numerous, so varied 
in form, height, and arrangement, offer one of the most 

* Voyage dans les Alpes, tome 2, page 6, 

de la rive, et leor effet pour la Aision sera plus considerable ; 
les glaces devront done s'abaisser vers les bords^ et la surface 
du glacier sera un dos-d'd>ne. 



CHAPITRE XL 

D£S CBEVASSES. 

Tous ceux qui ont decrit la mer de glace ont employe le 
meme terme de comparaison pour en donner une juste id^e k 
ceux qui ne Tont pas vue : " La surface du glacier, dit M. de 
" Saussure, vue du Mont-Envers, ressemble k celle d'une mer 
" qui aurait 6t6 subitement gelde, non pas dans le moment de 
" la tempSte, mais k Tinstant oil le vent s'est calm^, oil les 
" vagues, quoique trfes-hautes, sont ^moussdes et arrondies."* 

Ces asp^ritds si nombreuses, si varies par la forme, T^l^va- 
tion et Tarrangement, oflfrent un des spectacles les plus intiJres- 

* Voyage dans les Alpes, tome 2, pag« 6. 
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interesting spectacles that nature can furnish. Kidges 
of ice, often of considerable length, prolong themselves 
across the river of ice ; their summits^ although sharp 
enough, are not always uniform, but surmounted by 
aiguilles like the granite ridges of the high mountains. 
Between these ridges are little valleys transverse to the 
current. Their depth varies as the elevation of the 
ice-hills which bound them. It is these little valleys 
that are conventionally termed crevasses; but the same 
word is used to designate all the cavities met with in 
glaciers, whatever their origin or position. Confusion 
IS thus introduced into our ideas respecting this depart- 
ment of nature. Let us seek to distinguish the things. 

Masses of snow, and sometimes of ice, detach them- 
selves from the mountain and flow rapidly along its 
flanks, leaving an open space, or, if you will, a trench, 
more or less wide and deep. To this cavity the name 
of crevasse is given; it would be better, as it seems to 
mo, to call it a gully. 

In places where the slope is rapid, the ice, yielding 
to its own weight, detaches itself from the mass above, 



sants quo puisse foumir la nature. Des aretes de glace souvent 
9mQZ longues se prolongent au travers du fleuve de glace ; leur 
sominot quelquefois assez tranchant, n'est pas toujours uniforme, 
maiH Burmontd d'aiguilles comme les aretes granitiques des 
hautcH montagnes. Entre ces aretes se trouvent de petites 
valldetj traversales au courant. Leur profondeur varie comme 
Tdldvation des coUines glacdes qui les boment. Ce sent ces 
potitcH valldes que Ton est convenu d'appeler crevasses ; mais 
on so sort de ce memo mot pour designer toutes les cavitds qui 
so roncontrent dans les glaciers, quelle que soit leur cause et 
lour position. Cost jeter de la confusion dans lesidees qui ont 
rapport k cette partie de la nature. Cherchons k distinguer les 
chosos. 

Des masses do neige et quelquefois de glace, se ddtachent de 
la montagne et coulent rapideraent le long de ses flancs, en 
laissant un vide, ou si Ton veut un fossd plus ou moins large et 
profond. On donne k cette cavite le nom de crevasse ; il vau- 
drait mieux, ce me semble, Tappeler couloir. 

Dans les endroits oil la pente est rapide, la glace, cddant a sa 
propre pesanteur, se ddtacne de la masse supdrieure et s avance 
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and advances towards to the bottom by a distance more 
or less great according to the room it finds. The void 
it leaves behind it is a true split, which is effected with 
great noise. This split will not be long in being 
closed by the approach of the ice above, which will 
descend in its turn, after the creation of another 
split higher up. To this opening again the name of 
crevasse is given: it would be better to leave it the 
name of split. I have observed several of these spUts 
which had come into existence a short time before, 
perhaps some hours ; they were open scarcely two 
inches in width, but they appeared to reach in depth 
to the bottom of the glacier, and to cut it perpen- 
dicularly to its sides ; they were carried right across 
many crevasses, which they cut obliquely. The water 
which flows from the crevasses into the splits does 
not re-appear ; a proof that the splits go to the 
bottom of the glaciers, whilst the crevasses are on the 
surface only. Lastly, there are, over the whole surface 
of stream glaciers, hollows which, as a general rule, 
affect only a certain thickness of the upper layer of the 
glacier without extending to the bottom ; it is to these 



vers le bas d'une quantity plus ou moins grande, selon respace 
qu elle trouve. Le vide qu'elle laisse derrifere elle est une veri- 
table fente qui s'est faite avee un grand bruit. Cette fente ne 
tardera pas a 6tre fermfe par Tapproche de la glace sup^rieure, 
qui descendra k son tour aprfes qu'une autre fente se sera faite 
plus haut. On donne encore le nom de crevasse h, cette ouver- 
ture; il vaudrait mieux lui laisser le nom de fente. J'ai 
observe plusieurs de ces fentes qui avaient ^t^ faites depuis peu 
de temps, depuis quelques heures peut-etre; elles n'avaient 
gufere que deux pouces d'ouverture, mais en profondeur elles 
paraissaient s'^tendre jusqu'au fond du glacier, et en le coupant 
perpendiculairement h, ses bords ; elles se propageaient k 
travers beaucoup de crevasses qu'elles coupaient obliquement. 
L'eau qui coule des crevasses dans les fentes ne reparait pas ; 
ce qui prouve que les fentes vont au fond des glaciers, tandis 
que les crevasses ne sont qu'k la superficie. Enfin, il y a sur 
toute la surface des glaciers d'^couleTnent, des enfoncements qui, 
poiu' Tordinaire, n'affectent qu'une certaine epaisseui* de la 
couche supdrieure du glacier sans s'dtendre jusqu'au fond ; c'est 
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little valleys that I keep the name of crevasse, which 
has always been given to them. They are what would 
be called in geology valleys of erosion : the action of 
sun, vapour, and the flow of water have lent mutual 
assistance to their production. 

Let us enter into details. The ice is not everywhere 
equally fusible; the more porous portions — ^those which 
contain little nests of earthy substance — ^melt more 
rapidly. The water produced by melting, in taking its 
course towards the bank, if it meets with a slope, soon 
hollows out for itself a little channel, and if there is ho 
slope, reposes on itself and forms a well, a sort of little 
lake which becomes often very deep, and may pierce the 
glacier from place to place, and so empty itself below. 
But, before speaking of wells, let us return to the 
little open channel which gives passage to the waters 
produced by melting. It soon receives the waters of 
its own two banks, and, as we have seen that water 
possesses a great power of melting ice, the channel is 
hollowed out more and more, and becomes a regular 
trench, then a small valley ; and if there be another in 
its neighbourhood parallel to it, the ice which sepa- 

k ces petites vall^ que je conserve le nom de crevasse qu'on 
leur a toujours donn^. C'est ce que Ton appeUerait en g^logie 
lea valines d'^rosion; Taction du soleil, la vapeur et r^coulement 
des eaux se sont prSt^ un mutuel secours pour les produira 

Entrons dans les details : la glace n'est pas partout ^galement 
fusible ; les parties les plus poreuses, celles qui contiennent de 

Eetits nids de substance terreuse se fondent plus rapidement. 
I'eau de fusion en se dirigeant vers la rive, si elle rencontre 
une pente, se creuse bientSt un petit canal, et s'il n'y a point 
de pente, reste sur elle-mfime et forme un puits, une espfece de 
petit lac qui devient souvent trfes-profond, et peut percer le 
glacier de part en part pour se vider au-dessous. Mais avant 
de parler des puits, revenons au petit canal ouvert qui donne 
r^coulement aux eaux de fusion, II rcQoit bientot les eaux de 
ses deux rives, et, comme nous avons vu que Teau a un grand 
pouvoir pour fondre la glace, le canal se creuse de plus en plus 
et devient un veritable foss4 puis une petite valine, et s'il y en 
a un dans son voisinage qui lui soit parall^le, la glace qui les 
s^pare devient une arSte, une veritable colline siu: laqudle les 
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rates them becomes a ridge — ^a regular hill on which the 
harder and less fusible portions form aiguiUes, pyra- 
mids, &c. The walls of crenasses washed and polished 
by water, the result of melting, become gUttermg, and 
of an extremely agreeable aqua^marine green, fhis is 
not all : the crevasses on the Glacier des Bois assume 
a form which no naturalist has observed. If we enter 
upon the glacier, and halt a quarter of the way across, 
we see, if we turn round towards its source, as it were 
a battalion of points, scarped ramparts, aiguilles, often 
more than twenty feet high, presented to the view; and 
if we turn towards the lower part of the glacier, the 
surface seems almost unbroken. I sought for the reason 
of so extraordinary a difference, and found it at once in 
the form of the ridges of ice which separate the crevctsses. 
They have all a precipitous side and a side of gentle 
inclination, so that if one saw a certain number of them 
in profile they would have pretty much the appearance 
of the subjoined figure. Looking up the glacier we see 
the scarped side of all the ridges, which display them- 
selves one above another; and turning towards the lower 
part, we see the gentle slopes, which melt together into 

parties les plus dures et les moins fusibles forment des aiguilles, 
des pyramides, etc. Les parois des crevasses lav^es et polies 
par I'eau de fusion sont devenues luisantes et d'un vert d'aigue- 
maxine extrSmement agr^ble. Ce n'est pas tout : les crevasses 
ont sur le glacier des Bois une forme qu aucun naturaliste n'a 
observ^e. Si Ton entre sur le glacier, et que Ton s'arrete apr^s 
un quart de la traverse, en se retournant vers sa source, on 
voit comme un bataiUon de pointes, de remparts escarp^, 
d'aiguilles, souvent ^ev^es de plus de vingt pieds, s'offrir aux 
regards ; et si Ton se toume vers le bas du glacier, la surface 
semble presque unie. J'ai cherch^ la raison d'une diff(^rence 
aussi extraordinaire, et je Tai h. Tinstant trouv^e dans la forme 
des arStes de glace qui s^parent les crevasses. EUes ont toutes 
un c6t^ escarp^ et un cot^ h. pente douce, de sorte que si Ton 
en voyait un certain nombre en profil, elles auraient k pen prfes 
Taspect de la figure ci-contre. En regardant vers le haut, on 
voit la partie escarp^e de toutes les arStes qui se dessinent les 
unes sur les autres, et en se retournant vers le bas, on voit les 
pentes douces qui se confondent en une seule pente presque 
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one nearly uniform slope. The coDtrast is so ^eat that 
I am astonished observers have not been struck by it. 

This arrangement of the ridges of ice is a consequence 
of the direction of the glacier with respect to the sun ; 
it goes nearly from south to north. This direction 
being given, let us see what must be the effect produced 
upon a slice of ice. 

Let A B C be the ridge seen in profile ; the rays 
of the sun following the line S A will strike the 
whole of the part A C of the ridge ; and the water, 
increasing the melting as it flows to the bottom of the 
crevasses, will add to itself the products of fusion, so 
that the melting will go on increasing from the point 
A to the point C, whUst the part A B, which is pro- 

uniforme. Ce contraste est si grand que je suis ^tonn^ qu'il 
n'ait pas i'rapp^ les observateurs. 

Cette dispoaitiou des aretea de glace est une consequence de 
la directiotL du glacier par rapport au 3oleil: il va k peu pr^ du 
flud au nord. Cette direction ^tant donn^e, voyona quel doit 
Stre I'efiet produit sur une tranche de glace. 




Soit Tarfete ABC, vue de profil ; lea rayons solaires auivant 
la ligne S A frapperont toute la partie A C de I'arfite, et lea 
eaux en coulant au fond de la crevasse augmentant la fusion, 
I'ajouteront k elle-mSme, de mani^re que la fusion ira croissant 
du point A juaqu'au point C, taudis que la partie A B, pz^erv^e 
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tected from the sun, will not melt at all. I may be 
accused of taking the effects already produced as the 
basis of my demonstration; but it is easy to see that 
this reasoning is as applicable to the first moment of 
melting as to the last ; if we choose to take the crevasse 
-while it is but iVth of an inch deep, the effect pointed 
out will then be the most appreciable. 

The roughnesses of surface of the Glacier des Bossons 
do not resemble those of the Mer de Glace. Instead of 
ridges bevelled towards the summit, they are regular 
pyramids, obelisks of ice. This difference of form is a 
fresh piece of evidence in favour of my demonstration, 
for it is due to the difference of position. The Glacier 
des Bossons, resting upon the northern side of the 
mountain, scarcely receives the rays of the sun at all ; 
the melting being nearly uniform, the water flows from 
every side in equal quantities, and forms pyramids in- 
stead of the ridges which, as we have seen, it produces 
on the Glacier des Bois. 



du soleil, ne fondra point du tout. On pourrait m'accuser de 
prendre des effets ddji produits pour base de ma demonstration; 
mais il est facile de voir que ce raisonnement peut s'appliquer 
au premier moment de la fiision comme au dernier ; si Ton veut 
prendre la crevasse pendant qu elle n'a qu'une ligne de profon- 
deur, e'est alors que Teffet indiqu^ sera le plus sensible. 

Les asp^ritds du glacier des Bossons ne ressemblent pas k 
celles de la mer de glace. Au lieu d*ar6tes taill^es en biseau 
vers les sommets, ce sont de v^ritables pyramides, des ob^lisques 
de glace. Cette difference de forme est une nouvelle preuve en 
faveur de ma demonstration, car elle est due k la difference de 
position. Le glacier des Bossons appuy^ au nord de la montagne, 
ne re5oit presque pas les rayons du soleil ; la fusion etant k peu 
prfes uniforme, les eaux coulent de tous c&t^s en ^gale quantitd, 
et ferment des pyramides au lieu de former des aretes, comme 
nous Tavons vu au glacier des Bois. 
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CHAPTER XII. 

OF WELLS IN STREAM GLACIERS. 

We meet sometimes with cavities of great vertical 
depth, and these cavities, filled with water to the surface, 
take the name of wells. This name would seem to 
imply that they are always rounded ; but such is not the 
fact. These cavities affect all sorts of forms ; sometimes 
we have a little hole which becomes all at once wider 
and then contracts again ; oftentimes we have an elon- 
gated crevasse ; sometimes a little pool with sinuous 
edges; and then again a regular well. We can under- 
stand that its prolongation in the mass of the ice must 
narrow and open out according as the layers of ice it 
meets with are more porous or more compact. The 
depth of these cavities is often very great, and may 
sometimes reach the bottom of the glacier, and then the 
water descends and follows the bottom of the valley 
beneath the vaults of ice which receive all the water 
produced by melting. 

CHAPITRE XII. 

DES PUITS DANS LES GLACIERS D'^COULEMENT. 

On rencontre quelquefois des cavit^s d'une grande profondeur 
verticale, at ces cavities remplies d'eau jusqu'i la surface, pren- 
nent le nom de puits. Ce nom semblerait faire croire qu'elles 
sont toujours ^rrondies; mais il n'en est point ainsi Ces cavit&i 
affect ent toutes sortes de formes: quelquefois c'est un petit trou 
qui devient tout-^-coup plus large, et ensuite se r^tr^cit; 
souvent c'est une crevasse allong^e, quelquefois im petit dtang 
aux bords sinueux, et enfin un veritable puits. On comprend 
que son prolongement dans la masse glac^e doit avoir des 
dtranglements et des renflements selon que les couches de glace 
qu'il rencontre sont plus poreuses ou plus corapactes. La pro- 
fondeur de ces cavit^s est souvent trfes-grande et pent quelque- 
fois atteindre le fond du glacier, alors Teau descend et suit le 
fond de la valine sous les vofttes de glace qui re9oivent toute 
Teau de fusion. 
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How is it that the ice can have melted at a 
depth at which we can predicate the action neither of 
sun, nor of rain, nor internal heat, inasmuch as the 
bottom of the glacier is not always reached ? A Swiss 
naturalist asserts that this mystery is inexpUcable ; the 
rest say nothing about it. With the knowledge we 
possess of the changes of density which water expe- 
riences in changing its temperature, and with the 
additional knowledge of the power it possesses of 
accelerating fusion, the phenomenon I have just pointed 
out is easy to conceive. Let us suppose, in fact, that 
melting takes place upon a portion of the glacier which 
has no inclination, and where, consequently, the water 
remains without running away : it collects upon the 
lowest point, and it is here that we shaU witness its 
action in hollowing out the bottom of the reservoir in 
which it is gathered together. 

The experiments of physicists have proved that 
water attains its maximum density at a temperature of 
39° Fahrenheit, and that, starting from this point, its 
volume increases, whether upon a rise or upon a fall of 
the thermometer; but this increase is much more rapid 



Comment la glace a-t-elle pu se fondre h. una profondeur oil 
Ton ne peut all^guer ni Taction du soleil, ni celle des pluies, ni 
la chaleur interne, puisque le fond du glacier n*est pas toujours 
atteint ? Un naturaliste Suisse pretend que ce mystfere est 
inexplicable ; les autres n'en parlent pas. Avec la connaissance 
que nous avons des changements de densite que I'eau eprouve 
en changeant de temperature, et cette autre connaissance du 
pouvoir qu'elle possfede pour accfl^rer la fiision, le ph^nomfene, 
que je viens d'indiquer est facile k concevoir. Supposons en 
effet qu'il y ait fusion sur une partie du glacier qui n'a aucune 
pente, et oti, par consequent, Teau reste sans ^coulement ; elle 
se rassemble sur le point le plus bas, et c'est ici que nous allons 
voir son action pour creuser le fond du reservoir dans lequel 
elle se reunit. 

Les experiences des physiciens ont prouv^ que I'eau atteint 
son maximum de density Jt la temperature de + 4° du ther- 
momfetre centigrade, et qu'en partant de ce point, son volume 
augmente, soit (Jans Teievation, soit dans Tabaissement du .ther- 
mom^tre; mais cette augmentation est beaucoup plus rapide en 
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B& we descend towards the freezing point than as we 
rise towards the boiling water point, inasmuch as in 
passing through 173° to arrive at the latter limit, its 
increase is only A of its volume, whereas in going down 
T only to reach the freezing point, its increase is tV. 
Now, let us apply our knowledge of this fact to the 
water of the wells of streai^i glaciers. The portion 
of the liquid lying at the surface being heated by the 
sun, the air, rain, or vapour, may very well be raised to 
three, four, five, or six degrees above the freezing point : 
it is then about at its maximum density. On the other 
hand, the portion of the liquid which is in contact with 
the ice at the bottom reaches a temperature very near 
the freezing point, and consequently it receives the 
greatest augmentation of volume of which it is suscep- 
tible ; but in virtue of the law of hydrostatics, which 
ordains that hquids shall find their places at heights 
inverse to their weight, the water at the bottom must 
ascend, and that at the surface must descend. By this 
countermarch of the column of water, that which con- 
tained caloric has come to the bottom of the reservoir, 
and that which was cold has come to the surface, where 
it finds itself in contact with atmospheric influences. 

descendant vers z^ro qu*en montant vers Teau bouillante, 
puisqu'en parcourant 96° pour arriver vers ce dernier terme, 
eUe ne s'accroit que de ^, tandis qu'en descendant de trois 
degr^ seulement pour arriver k z^ro, elle s'accroit de ^. 
Appliquons maintenant la connaissance de ce fait k Teau des 
poits des glaciers d'^coulement. La portion du liquide qui se 
trouve k la surface r^chauff^e par le soleil, Tair, la pluie ou la 
vapeur, pent bien s'^lever k trois, quatre, cinq et six degres au- 
dessus de z^ro: alors elle est autour de son maximum de density. 
Au contraire, la portion du Uquide qui est en contact avec la 
glace du fond, arrive k une temperature trfes-proche de z&ro, et 
par consequent elle rcQoit la plus grande augmentation de 
volume dont elle est susceptible ; mais par cette loi de Thydro- 
statique q ui veut que les Uquides se placent dans des Elevations 
inverses a letUr pesanteur, Teau du fond devra monter et cellc 
de la surface descendre. Par ce revirement de la colonne d'eau, 
celle qui contenait du calorique est parvenue au fond du reser- 
voir, et celle qui etait froide est venue a la surface, oil eUe se 
trouve en contact avec les agents atmospheriques. Que doit-il 
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Wtat must happen in this new position ? Why, that 
the excess of cjJoric which comes in contact with the 
ice is absorbed in a fresh act of melting, and the water 
at the bottom comes down again to the freezing point, 
whilst that at the surface acquires caloric, and rises 
again, perhaps, to between 38° and 43^ Hence a fresh 
change of position is again inevitable, and becomes so 
every moment; so that there exists in the cavity a 
motion of perpetual circulation from the bottom to the 
surface, and from the surface to the bottom : one might 
say, a mechanical agent put in force by an intelligent 
power to go and dig put the bottom of a reservoir. 

When the melting season is long, or the well happens 
to be in a portion of the glacier of little depth or very 
porous, the bottom of the well reaches the bottom of 
the glacier, and in this case the water produced by 
melting which comes from the upper part of the glacier 
falls in the form of a cascade to the very soil on which 
the glacier rests, and so flows beneath the vaults of ice 
down to its extremity. 

It not unfrequently happens that, when these wells 
are bottomless, and consequently without water, we 
hear, falling inside them, water which seems to come 

se passer dans cette nouvelle position ? Le void : le calorique 
en plus qui arrive en contact avee la glace est absorb^ pour una 
fusion nouvelle, et Teau du fond redescend k z^ro, pendant que 
celle de la surface en acquiert et remonte k trois, quatre, cinq 
ou six degr^s. D^ lors un nouveau changement de position est 
encore u^cessaire et le redevient k chaque moment, de telle sorte 
qu'il y a dans cette cavity un mouvement de circulation per- 
p^tueUe du fond k la surface et de la surface au fond : on dirait 
un agent mecanique employ^ par ime intelligence pour aller 
creuser le fond d'un reservoir. 

Quand la saison de fusion est longue ou que le puits se trouve 
dans ime partie du glacier peu profonde ou trfes-poreuse, le fond 
du puits atteint le fond du glacier, et dans ce cas les eaux de 
fusion qui viennent de la partie sup^rieure tombent en cascade 
jusqu'au sol sur lequel repose le glacier, et coulent ainsi sous des 
vofttes de glace jusqu*it Textr^mit^. 

n n'est pas rare que quand ces puits sont sans fond et sans 
eau par consequent, on entende tomber dedans des eaux cjui 
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out of the walls of living ice which surround the 
well. This is easily explained. The mass of the gla- 
cier is, as we have seen, formed of diflFerent layers in 
superposition, and the connecting layers which separate 
them are often of ice studded with bubbles, or of less 
compact snow. Hence it arises, that when the water 
which flows to the bottom of a crevasse happens to 
meet with these portions of less resistance, it melts 
them, and, spreading laterally, meets with the well and 
precipitates itself into it as a roaring waterfall. 



CHAPTER XIII. 



OP MORAINES. 



M. Vbnbtz gives, with respect to the formation of mo- 
raines, an explanation which appears to me little in 
accordance with observation. It is as follows : — " In 
*' their increase, glaciers have the property of pushing 
" before them earth, stones, and all foreign bodies ; for 



semblent sortir des parois de glace vive qui entourent le 
puits. Ceci s'explique facilement. La masse du glacier est, 
comme nous Tavons vu, form(5e de diverses couches superposees, 
et les joints qui les separent sent souvent de glace bulleuse, ou 
de neige moins compacte. Dfes lors quand les eaux qui coulent 
au fond d'une crevasse viennent k rencontrer ces parties moins 
r^sistantes, elles les fondent, et en se propageant lat^ralement, 
elles rencontrent le puits et s'y pr^cipitent en cascade bruyante. 



CHAPITKE XIII. 

DES MORAINES. 



M. Venetz donne sur la formation des moraines une explica- 
tion qui me parait peu conforme h, Tobservation; la voici: "Dans 
"leur accroissement, les glaciers ont la propri^t^ de pousser 
" deva/rit eux les terres, les pierres et tous les corps Strangers ; 
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" this reason, these materials almost always surround 
" the foot of these enormous masses of ice, forming a 
" slope of about forty-five degrees, &c. ..." One would 
say, according to this notion, that moraines once pushed 
to a certain point by glaciers are incapable of further 
increase ; there is a mistake : it is not by pushing that 
glaciers form moraines ; it is by transportation, by car- 
riage of the materials. All this will be better under- 
stood by the mere description of the phenomena. 

At the bottom and on the edges of stream glaciers 
we find heaps of rocks, of angular stones, of sand, and of 
earth which have been deposited there by the glacier. 
It is in every case a river, which deposits on its banks 
a part of the substance which it transports, and which 
carries off the rest down to its embouchure. The name 
of moraine is given to the deposits made bv glaciers. 
Some of these moraines present the aspect oi immense 
embankments constructed at the edge of a stream to 
confine it to its bed. 

I have said, in speaking of the form of stream-glaciers, 
that they were higher towards the middle. In pro- 
portion as they melt, the waters which are borne agamst 



« 



par cette raison, ces mat^riaux entourent presque toujours le 

pied de ces ^normes masses de glace en formant un talus 
"d'environ quarante-cinq degr^s, etc...." On dirait, d'aprfes ces 
idees, que les moraines une fois pouss^es sur iin point par les 
glaciers, ne sont plus susceptibles d'accroissement; il y a erreur: 
ce n'est point en poussant que les glaciers forment les moraines; 
c'est en charriant, en'portant les materiaux. Tout ceci se com- 
prendra mieux par la seule exposition des ph^nomfenes. 

Au fond et sur les bords des glaciers d'ecoulement on trouve 
des amas de rochers, de cailloux anguleux, de sable et de terre 
qui ont ^t^ d^pos^s Ik par le glacier. C*est toujours un fleuve 
qui depose sur ses rives une partie des substances qu'il charrie, 
et qui emporte les autres jusqu'^ son embouchure. On donne 
le nom de moraines aux d6p6ts fait par les glaciers. Quelques- 
unes de ces moraines pr^sentent Taspect d'immenses chauss^es 
fondles au bord d'un fleuve pour le fixer dans son lit. 

J'ai dit en parlant de la forme des glaciers d'^coulement, qu'ils 
^taient plus 61ev6s vers le milieu. A mesure qu'ils fondent, les 
eaux qui se portent sur les rives entrainent avec elles la terre et 
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the banks cany off with them the earth and sand met 
with in the ice ; the rocks which happen to be on the 
two slopes must themselves find their way little by- 
little towards the shores ; so that every day brings an 
increment to these lofty ramparts which are in front of 
the glaciers. It is not, however, on the banks that 
the greatest quantity of matter is found ; it is at the end 
of the glacier, at the point where its resistance is over- 
come by heat, and where the materials which it was 
bearing in its interior, as well as those which it trans- 
ports on its surface, remain in the open. There we 
behold these heaps of matter piled up in hills, and indi- 
cating by their position the different points at which the 
glacier has stayed its march. In an address delivered 
before the "SociStS IlelvStique des Sciences NatureUes" 
the president, M, Agassis, said that the blocks of rock 
which compose a moraine are rounded ; it is a mistake ; 
all the blocks of active moraines are angular, often even 
with sharp edges, with flat surfaces of more or less 
extent. The rounded blocks are those which have been 
rolled by water. The latter, always more or less 
polished, are easy to recognize. The blocks which form 



le sable qui se trouvent dans les glaces; les rochers qui se 
trouvent sur les versants doivent eux-mSmes couler peu a peu 
vers le rivage ; de sorte que chaque jour apporte un aceroisse- 
ment k ces remparts ^ev^s qui devancent les glaciers. Pourtant 
ce n*est pas sur les rives que se trouve la plus grande quantity 
de mati^re^ c'est au bout du glacier, la oil sa r^istance est 
vaincue par la chaleur et oh. restent h. d^couvert les mat^riaux 
qu'il portait dans son int^rieur, aussi bien que ceux qu'il charrie 
k sa surface. L^ on voit ces amas de mati^res entass^es en 
collines, et indiquant par leur position les divers points vers 
lesquels le glacier s'est arrSt^. Dans im discours prononc^ dans 
la Sod^tS Helv^tique des Scienoes naturelles, le president, M. 
Agassis, a dit que les blocs de rochers qui forment les moraines 
sont arrondis; c'est une erreur; tous les blocs des moraines 
actuellement en action sont des blocs anguleux, souvent m^me 
k aretes vives, avec des faces planes plus ou moins ^tendues. 
Les blocs arrondis sont ceux qui ont ^te roul^s par les eaux. 
Oes demiers, toujours plus ou moins polls, sont faciles k recon- 
iiattre. Les blocs des moraines ont souvent les angles brisds, 
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moraines often have their comers broken, but rarely- 
rounded, which is a very different thing. As to the 
flat surfaces — ^polished sometimes — of the masses trans- 
ported by the glaciers, they indicate the point of sepa- 
ration &om the parent mass. Talcose micaceous rocks, 
protogines, and sometimes also calcareous strata, present, 
on splittiQg off, tolerably polished surfaces. 

M, Godefroi has adopted, in the work he has just 
published, the same theory as M. Venetz. Accoroing 
to this author, the small transverse valleys which seam 
the flanks of lofty mountains are fiUed with the 
dSbris of these same mountains. Taking its departure 
from the reservoir glaciers to descend into the zone 
where melting takes place, the ice has pushed before 
itself, and to some extent thrown off on its flanks, the 
stony and earthy dibms which it has met with on its 
passage, pretty much as the ploughshare which raises the 
soil carries it in front of itself and heaps it up on the 
two sides of the furrow. Such is the theory of M. 
Godefroi, which, in my opinion, differs from that of M. 
Venetz only in details. This theory is altogether con- 
trary to observation. I do not care to remark upon 
the improbability there is in the notion of ice insinuat- 

mais rarement arrondis, ce qui est bien different. Quant aux 
surfaces planes et quelquefois polies de ces masses que portent 
les glaciers, elles indiquent le point de d^Utement. Les roches 
talqueuses micass^es, les protogines, et quelquefois aussi les 
strates calcaires, en se d^litant offrent des surfaces assez polies. 
M. Godefroi a admis, dans Touvrage qu'il vient de publier, le 
mSme systfeme que M. Venetz. D'apr^s cet auteur, les petites 
valines transversales qui descendent par le flanc des nautes 
montagnes, sont rempUes des debris de ces mSmes montagnes. 
En partant des glaciers-reservoirs pour descendre dans la zone 
de fusion, les glaces ont pousse devant eUes et en partie rejet^ 
sur leurs flancs les debris pierreux et terreux qu'ils ont trouves 
sur leur passage, h, peu prfes comme le soc de la charrue qui 
souleve la terre, la porte en d,vant et la redresse des deux c6t6s 
du sillon. Telle est la th^orie de M. Godefroi, qui, selon p^oi, 
ne difffere de celle de M. Venetz que par les details. Ce systeme 
est entiferement contraire k Tobservation. Je ne veux pas relever 
ce qu'il y a d'invraisemblable dans ces glaces qui s'insinuent k 
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ing itself after the fashion of a ploughshare iuto the 
debris of rocks, and lifting them up on its sides ; I will 
content myself with calling to the attention of the reader 
that, almost contemporaneously witU the foraiation of 
the mountains, the reservoir glacier was itself formed and 
supplied ice to the stream glaciers before the transverse 
valleys or ravines had been filled with the debris of the 
mountains. We have here a preliminary question which 
cuts the difficulty ; it is not in that direction that we 
must seek the solution of this problem, which is, more- 
over, of great simplicity. All the elements needed 
by the understanding in order to arrive at it are at 
hand ; we have only to observe them. I repeat, the 
surface of the glacier is laden with debris which has 
come with the ice from the mountain tops. The glacier 
is in general of a convex form ; it is therefore perfectly 
obvious, that, as it descends, part of the blocks of rock 
advance slowly towards the sides, and at last fall there. 
A certain number of them can be seen, which are ready 
to take the last step in this manoeuvre. 

As to the sand, as to the earthy particles which enter 
into the composition of moraines, it is just as evident that 



la maniere d'un soc dans les debris des roches pour les soulever 
sur les c6tes; je me contenterai de fisiire observer au lecteur 
qu'aussitdt aprfes la formation de la montagne, le glacier-reser- 
voir s'est lui-mSme form4 et a foumi des glaces aux glaciers 
d'6coulement avant que les valines transversales ou que les 
couloirs eussent ^t^ remplis par les debris des montagnes. C'est 
ici une question pr^judicielle qui tranche la difficultly ; ce n'est 
pas 1^ qu'il faut chercher la solution de ce problSme^ qui est 
aailleurs d'une grande simplicity. Tous les 41^ments dont 
Tintelligence avait besoin pour y arriver sont Ik; il ne faut que 
les observer. Je le repute, la surface du glacier est charg^e de 
debris venus avec les glaces des sommit^s de la montagne. Le 
glacier est en g^n^ral d'une forme convexe; il est done tout 
simple qu'^ mesure qu*il descend, partie des blocs de rochers 
s'avancent lentement vers les bords et finissent par y tomber. 
On en voit un certain iiombre qui sont pr^s de terminer cette 
Evolution. 

Quant aux sables, aux parties teiTcuses qui entrent dans 
Tensemble des moraines, il est tout aussi Evident qu'elles n'ont 
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they-have no other origin ; if we stoop over one of the 
little rivulets which flow at the bottom of crevasses, we 
see passing in this water, limpid as it is, which flows over 
a floor o£ emerald, little black grains, which are the sand 
come with the ice, and which are on their way to form 
an addition to the moraines. It is true that it is but a 
grain of sand added to a small mountain ; but the grain 
which is always coming, ends by building up a mass. 

I will add a last observation, which is just as conclusive 
against the theory of M. Godefroi. A great number of 
glaciers have several lines of lateral moraines ; I will 
instance the Glacier of Rosboden, near the Simplon ; and 
to call attention to a glacier better known, I will recur 
to the Glacier des Bois. On the edge of the Mer de 
Glace, below the pavilion of the Mont Envers, I recog- 
nized three stages of moraineSy including that which is 
actually in course of formation. The most ancient is 
more than sixty feet higher than this last. Will it be 
said that the glacier has begun its furrow afresh three 
times ? It would be absurd. We know that this 
glacier has greatly diminished, and that in the same 
way as it has left ancient moraiiies at the bottom of the 



pas une autre engine; en se baissant sur Tun de ces petits ruis- 
seaux qui coulent au fond des crevasses, on voit passer dans cette 
eau si Umpide qui coule sur un fond d'^meraude, de petit grains 
noirs qui sont les sables venus avee les glaces, et qui vont 
s'ajouter aux moraines ; il est vrai que ce n'est qu'un grain de 
sable ajoute k une petite montagne; mais le grain qui vient 
toujours finit par faire une masse. 

J'ajouterai une dernifere observation qui est tout aussi con- 
cluante centre le systeme de M. Godefroi. Un grand nombre 
de glaciers ont plusieurs lignes de moraines laterales ; je citerai 
pour exemple le glacier de Rosboden pres du Simplon ; et pour 
m'arr^ter k un glacier plus connu, je reviendrai au glacier des 
Bois. Sm* le bord de la mer de glace, au-dessous du pavilion du 
Mont-Envers, j'ai reconnu trois etages de moraines, en y com- 
prenant celle qui est actuellement en ^tat de formation. La plus 
ancienne est plus de soixante pieds plus ^ev^e que cette 
demiere. Dira-t-on que le glacier a recommence trois fois son 
sillon ? Ce serait absurde. Nous savons que ce glacier a beau- 
coup diminu^, et de mSme qu'il a laiss^ d'anciennes moraines 
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valley, it has also left on its banks moraines oorrespond- 
ing to its former height 



CHAPTER XIV. 



OF ERRATIC BLOCKS. 



The rocks of all sizes and all shapes which are col- 
lected at the extremity of a glacier have not, generally 
speaking, any analogy with those supplied by this portion 
of the valley. To discover their congeners, we must 
ascend towards the sources of the glacier. Hence 
travellers have conferred upon these rocks the name of 
erratic. Rocks of a like character, and bearing the same 
name, are found scattered through all the valleys of the 
Alps, on mountain sides, and in the plains. Naturalists 
have bestowed much attention upon the search after 
causes capable of having transported these masses so 
far from the place of their origin, and when the reflec- 

— ■ ' ■ ' 

au fond de la valine, il en a aussi laissd sur ses cdt& qui corre- 
Bpondent k son ancienne ^dvation. 



CHAPITRE XIV. 

DES BLOCS EBRATIQUES. 

Les rochers de toutes les grandeurs et de toutes les formes 
qui sont rassembl^s k Textrdmit^ des glaciers, n'ont poiu* Tordi- 
naire aucune analogie avec ceux que fournit cette portion de la 
vall^. Pour retrouver leurs analogues, il faut remonter vers 
les sources du glacier. On a done donn^ k ces rochers voyageurs 
le nom d'erratiques. On en trouve de semblables et portant 
le mfime nom, r^pandus dans toutes les valines des Alpes, sur le 
flanc des montagnes et dans les plaines. Les naturalistes se 
sont beaucoup occupds de chercher les causes qui avaient pu 
transporter ces masses aussi loin du lieu de leur origine, et 
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tion occurred to them that glaciers actually in action 
carried rocks from the top of the Alps down to the 
bottom of the valleys, they multiplied this cause, and 
increased its magnitude till it became sufficient to ac- 
count for all the effects produced ; but it needed 
gigantic glaciers to transport rocks the length of the 
valley of the Rhone, from the St. Gothard to the 
extremity of the Jura, and from the summit of the 
latter mountain to the summits of inferior hills. They 
have not allowed themselves to be brought to a stand- 
still by this difficulty, and have assigned to the glaciers 
the stature necessary to produce the effects of which they 
desired to give the origin. It is to M. Venetz, the en- 
gineer of the Canton of Valais, that we owe the ingeni- 
ous theory of which I am going to give the analysis. 

After I know not how many deluges and revolutions, 
which were absolutely necessary to render intelligible 
to our minds the geological facts observed in these 
countries, we behold suddenly rising to the surface of 
the globe two vast granitic masses — ^the one in the 
Valais, and the other in Savoy. That in Savoy com- 
prehends the whole of the enormous group of rocks, 



quand la reflexion leur est venue que les glaciers actuellement 
en action portaient des rochers du haut des Alpes jusque dans 
le bas des vallfes, ils ont multipK^ cette cause et Tont agrandie 
jusqu'^ ce qu'elle piit s'^tendre k tous les effets produits; mais il 
fallait des glaciers gigantesques pour conduire des rochers le 
long de la valine du Rh6ne, depuis le Saint-Gothard jusqu'i 
Textr^mit^ du Jura, et depuis le sommet de cette demifere mon- 
tagne jusqu'au sommet des collines inf^rieures. On ne s'est pas 
laiss^ arrgter par cette difficult^, on a donn6 aux glaciers la 
taille n^cessaire pour produire les effets dont on voulait donner 
Torigine. C'est k M. Venetz, ing^nieur du canton du Valais, 
que Ton doit le systfeme ing^nieux dont je vais donner 
I'analyse. 

Aprfes je ne sais combien de cataclysmes et de revolutions qui 
dtaient tout k fait n^cessaires pour rendre inteUigibles k notre 
esprit les faits g^ologiques observes dans ces centres, on voit 
surgir tout k coup a la surface du globe deux vastes masses 
granitiques, Tune dans le Valais, et Tautre dans la Savoie. Celle 
de la Savoie comprend tout le massif enorme de roches dont la 
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tbe loftiest summit of which is Mont Blanc. This 
granite, porphyry, serpentine, and all these crystalline 
rocks — ^which very certainly have a Plutonian origm, 
and which, consequently, were formed in the heart of 
the central fire — ^have come to the light of day through 
the gneisses, the mica-schists, and the other talcose and 
schistose rocks which were immediately below the 
Jurassic deposit. This immense eflFort of subterraneous 
nature acting upon the whole of this part of the globe, 
caused in it a vast upheaval, which raised the moun- 
tains already in existence, the valleys and the Alps, 
well above their present height. According to calcul- 
ations, the summit of Mont Blanc must have been 
raised 18,834 feet above the level of the sea — that is to 
say, higher than all known mountains, and the lower 
valleys in the same proportion. 

Then, the temperature must have sunk, the atmos- 
phere must have cooled, the central heat must have 
diminished; the new Alps must have been covered 
with snow, and given rise to immense glaciers, which 
invaded all the valleys, and covered Switzerland with 
moraines and erratic blocks. This excessive elevation 



sommit^ la plus dlevee est le Mont-Blana Ce granite, ce 
porphyre, cette serpentine et toutes ces roches cristallines, qui 
ont bien certainement une ongine plutonienne, et qui, par con- 
sequent, se sont formdes dans le sein du foyer central, se sont 
fait jour k travers les gneiss, les micachistes et les autres roches 
talqueuses et schisteuses qui ^taient imm^diament au-dessous 
du ddp6t jurassique. Get immense effort de la nature interne 
agissant sur toute cette partie du globe, lui fit une vaste boursouf- 
flure qui ^eva les montagnes d^jk existantes, les valines et les 
Alpes, bien au-dessus de la hauteur qu'elles ont maintenant. 
D'apres les calculs, le sommet du Mont-Blanc devait Stre elev^ 
de 18,834 pieds au-dessus du niveau de la mer, c*est-Jt-dire plus 
^ev^ que toutes les montagnes connues, et les valines infi^- 
rieures dans cette meme proportion. 

Alors la temperature a dii s'abaisser, Tatmosphfere se refroidir, 
la chaleur centrale diminuer; les Alpes nouvelles ont d{l se 
couvrir de neige et donner lieu h, d'immenses glaciers, qui en- 
vahirent toutes les valines et couvrirent la Suisse de moraines 
et de blocs erratiques. Cependant cette ^^vation exorbitante 
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however could not last ; the masses sank down little by 
little, and in thus returning on themselves, left to the 
ground the conformation it now possesses ; wliich is 
intermediate between the first condition, in which the 
soil produced palm trees, fan palms, and other plants of 
the torrid zone, and the second condition, in which nearly 
the whole of it was covered with ice. Thus it is that 
the erratic blocks are found so far from the high Alps, 
whence they took their departure. I am too little dis- 
posed to give my adherence to theories so painfully 
elaborate, to have faith in that of M. Venetz. Every- 
thing which requires a great complication of means and 
causes is less adapted to unfold nature, always simple 
in her action, because rich and powerful in her resources, 
than to betray the feebleness of the human mind, which 
is limited in its conceptions. Whilst treating the whole 
thing as the product of a fertile imagination, I wish 
nevertheless to point out the error into which one of 
the partizans of the theory of M. Venetz has fallen. 
M. De Charpentier, in a memoir published in the 
BibliotMque Universelle de Geneve (July, 1836), has 
developed the consequences of the theory of glaciers 



ne pouvait durer ; les masses s'affaissferent peu h. peu, et dans ce 
retour sur elles-m^mes, laissferent au terrain la conformation 
qu'il possfede maintenant, laquelle se trouve interm^diaire entre 
le premier ^tat oil le sol produisait les palmiers, les chamserops 
et d'autres plantes de la zone torride, et le second ^tat oil les 
glaces le couvraient presque tout entier. VoilJt comment les 
blocs erratiques sont si loin des hautes Alpes, d'oii ils sont 
partis. Je suis trop peu dispose k admettre les systfemes aussi 
p^niblement ^labor^s, pour avoir foi k celui de M. Venetz. 
Tout ce qui exige une grande complication dans les moyens et 
dans les causes, est moins propre k d^couvrir la nature, toujours 
simple dans son action, parce qu'elle est riche et puissante dans 
ses ressources, qu'k d^celer la faiblesse de Tesprit humain, qui 
est bomd dans ses conceptions. En admettant le tout comme 
le produit d'une imagination facile, je veux cependant relever 
Terreur dans laquelle est tomb^ Tun des partisans du systfeme 
de M. Venetz. M. de Charpentier a, dans un M^moire publie 
dans la Bihliotlikque universelle de Oenhve (juillet 1836), d^- 
velopp^ les consequences du systfeme des glaciers consid^r^s 
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considered as carriers of erratic blocks To determine 
the height of Mont Blanc at this epoch, and even the 
height of the valleys of Switzerland in which erratic 
blocks are found, and in which consequently glaciers 
must necessarily have existed, M. de Charpentier 
reasons thus : — 

Glaciers are permanent only in regions where the 
mean temperature does not exceed 45*5°, as it does at 
Chamonix. The mean temperature of the valley of the 
Rhone therefore was, at the glacier epoch, 45 '5° ; but 
to bring down this mean temperature to 45 '5°, it would 
be necessary to raise the whole district by as many 
toises as would be necessary to reduce it to that point ; 
and as it is no longer at this elevation, it must have 
come down again from it. The whole of this calculation, 
which seems right, falls with the first supposition, 
which is false, or which at least is not in harmony with 
the nature of stream glaciers. M. de Charpentier starts 
from the supposition that glaciers can only be main- 
tained at the mean temperature of 45 '5°. This is not in 
accordance with observation. Temperature is but the 
least of the elements that must be taken into considera- 



comme vecteurs des blocs erratiques. Pour determiner la 
hauteur du Mont-Blanc Jt cette ^poque, et de mfime la hauteur 
des valines de la Suisse oil se trouvent les blocs erratiques, et 
par consequent oil se sent necessairement trouv^s les glaciers, 
M. de Charpentier a raisonn^ ainsi: — 

Les glaciers ne sent en permanence que dans un pays oil la 
temperature moyenne ne depasse pas + 6°, comme on le voit k 
Chamonix. Done la temperature moyenne de la valiee du 
Bhdne etait, h. Tepoque des glaciers, de + 6° ; mais pour ramener 
cette temperature moyenne Jt + 6°, il faudrait eiever le pays 
tout entier d'autant de toises que la chose serait necessaire pour 
Ty reduire, et puisqu'il ne se trouve plus h, cette hauteur, il en 
est done redescendu. Tout ce calcul, qui parait juste, tombe 
avec la premifere supposition, qui est fausse, ou qui du moins 
n'est pas en harmonie avec la nature des glaciers d'ecoulement. 
M. de Charpentier part de la supposition que les glaciers ne . 
peuvent se maintenir qu*Jt la temperature moyenne de + &". 
Cteci n*est pas conforme k Tobservation. La temperature n'est 
que le moindre des elements qu'il faut considerer dans Tabaisse- 
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tion with respect to the descent of glaciers. Their pro- 
longation into the valleys is due mainly to the quantity 
of ice supplied by the reservoir glacier ; such a glacier, 
which receives but little ice, comes down no farther 
than about to a mean temperature of 3875°, like the 
Glacier des Pel^rins ; such another which has received 
more of it comes down about to a temperature of 
43*25° ; and if the Glacier des Bois had a double 
quantity of ice to melt, we should perhaps see it 
come down along the valley of Chamonix to near Les 
Ouches, or still lower ; and if it was the only point 
of outflow open to the whole of the ice-system formed 
on the different plateaux of Mont Blanc, I should not 
be surprised if it came down to the region of vine 
vegetation. This first basis being destroyed, all the 
superstructure falls of itself. 

Nor is this all ; the means invented to account for 
the origin of erratic blocks are still insufficient ; for this 
phenomenon, which is of immense extent, must have 
everywhere the same cause; but I doubt much whether 
the cause invented by the naturaUsts of the Canton de 
Vaud could be applied to all the countries in which its 
action would be necessary. Erratic blocks are not con- 



ment des glaciers. Leur prolongement dans les vall^s est d{t 
surtout h, la quantite des glaces foumies par le glacier-reservoir; 
tel glacier qui n'en re9oit que peu, ne descend que vers une 
temperature moyenne de + 3°, comme le glacier des Peierins ; 
tel autre qui en a re9u davantage, descend vers une temperature 
de + 5" ; et si le glacier des Bois avait une double quantity de 
glace h, fondre, nous le verrions peut-Stre descendre le loDg de 
la valine de Chamonix jusque vers les Ouches, ou plus bas encore; 
et s'il etait le seul point d'ecoulement ouvert k toutes les glaces 
qui se forment sur divers plateaux du. Mont-Blanc, je ne serais 
point etonne qu'il descendit jusqu'i la r^on v^g^tale de la 
vigne. Cette premiere base itant detruite, tout Techafaudage 
tombe de lui-mSme. 

Ce n'est pas tout ; le moyen invents pour expliquer Torigine 
des blocs erratiques est encore insujSisant, car ce phenomfene, 
qui a une immense etendue, doit avoir partout la mSme cause ; 
mais je doute beaucoup que la cause invent^e par les naturalistes 
vaudois puisse s'appliquer h, tous les pays o& son action serait 
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fined to tlie valleys of the Alps ; they are found every- 
where that we meet with the diluvian deposit, which 
displays itself in every part of the globe. They are some- 
times seen isolated, but more often in groups and accu- 
mulated at certain points. We find great trails of them 
in the plains of the North, from the coasts of North- 
umberland to the environs of Moscow. The sandy 
plains of Westphalia, of Hanover, of Holstein, of 
Zealand, of Mecklenburgh, of Brandenburg ; the plains 
of Pomerania and Prussia are covered with them. 
Iceland, which is entirely composed of volcanic sub- 
stance, presents upon its loftiest summits blocks of 
granite more than ten metres thick. How can all 
these facts be explained by glaciers ? 

If, however, we are absolutely determined to attribute 
to the glaciers the transportation of the erratic blocks 
of the Alpine system, we might, as it seems to me, by 
following the series of successive dilapidations which 
the moimtains have undergone down to the present 
day, arrive at an epoch at which the plateau of the 
Alps — ^without being more elevated than it is at the 
present day — was sufficiently extended to supply the 



n^essaire. Les blocs erratiques ne sont pas bom^s aux vallfes 
des Alpes ; ils se retrouvent partout oil Fon rencontre le d^p&t 
diluvien qui se manifeste sur toutes les parties du globe. On 
les volt quelquefois Isolds, et plus sou vent group^s et acciunul^s 
sur certains points. On en trouve de grandes trainees dans les 
plaines du Nord, depuis les c6tes du Northumberland jusqu'aux 
environs de Moscou. Les plaines sablonneuses de la Westphalie, 
du HanSvre, du Holstein, de la Seelande, du Mecklembourg, du 
Brandebourg; les plaines de la Pomdranie et de la Prusse 
en sont couvertes. L'Islande, qui est toute de substance 
volcanique, offre sur ces cimes les plus ^ev^es des blocs de 
granite de plus de dix metres d'^paisseur. Comment expliquer 

ious ces fails par des glaciers ? 

Si pourtant on veut absolument attribuer aux glaciers 
le transport des blocs erratiques du systfeme alpin, on pourrait, 
ce me semble, en suivant la chaine des degradations successives 
que les montagnes ont subies jusqu'^ nos jours, arriver k 
l^poque oil le plateau des Alpes, sans 6tre plus ^ev^ qu'il 
ne Test aujourd'hui, ^tait assez dtendu pour foumir des 
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ice and snow capable of filling all the valleys which 
surrounded it. 

In point of fact, dailjr observation shows us that the 
summits get lower, that the flanks of the mountains 
contract, that their mass, in a word, diminishes, and is 
consumed by the action of atmospheric agents ; and, at 
the same time that the peaks get lower, the foot of the 
mountain is covered with debris, so that their height 
is diminished at both extremes at once. Their ma- 
terials descend from the summits, now in avalanches 
of earth, now in solid blocks which roll into the 
valley, now in small fragments and sandy particles, 
which render turbid the waters of the torrents, and go 
and deposit themselves in the plains, and on the very 
sea shore. 

The present shape of the mountains is enough to 
demonstrate that they have lost much of their ancient 
magnitude. We find on their flanks transverse valleys 
which have evidently been hpUowed out by the waters, 
or formed by the spontaneous fall of rocks which had 
been detached by weather from the parent mass. 
At the feet of precipitous walls stony dSbris has 



glaees et des neiges capables de remplir toutes les valines qui 
Tentourent. 

En effet, I'observation joumalifere nous prouve que les 
sominit^s s'abaissent, que les flancs des montagnes se r^tr^cissent, 
que leur masse, en un mot, diminue et s'use par Taction des 
agents atmosph^riques ; et en meme temps que leurs cimes 
s'abaissent, leur pied se recouvre de d^ris; de sorte que la 
hauteur diminue par les deux extr^mit^ h la fois. La matifere 
descend des sommit^s tantSt en avalanches terreuses, tantdt en 
blocs solides qui roulent dans la valine, tantot en petits 
fragments et en parcelles sablonneuses qui troublent les eaux 
des torrents et vont se ddposer dans les plaines et j usque sur 
le rivage des mers. 

La forme actuelle des montagnes suffit pour ddmontrer qu'elles 
ont beaucoup perdu de leur antique grandeur. On trouve sur 
leurs flancs des valines transversales, qui ont 4i6 dvidemment 
creus^es par les eaux ou form^es par la chute spontande de 
rochers que le temps avait d^tach^s de la masse. Au pied des 

I 
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arranged itself in baiiks, and it grows atthe expense 
of the upper portions. 

The isolated peaks, the aieruilles which rise above 
the masses of the ^eat mountains are, as it were, 
witnesses, which have remained erect to tell us of the 
ancient elevation of the mountains; thus, the Aiguille 
du Dru, and the Aiguille de Charmoz, which display 
themselves above the Mont Envers, were certainly not 
planted there in the state in which they now are ; but 
more solid and harder than the mass to which they 
have belonged, they have resisted the action of the 
atmospheric agents which have destroyed, or, at any 
rate, dispersed, the materials which filled the space 
separating the summits of these aiguilles from the 
summit of Mont Blanc. I might say as much of all 
the granitic summits of the Alps ; but I wish merely 
to point out this notion. 

To reconstruct the Alps as they must have been at 
one time, we should have to join to them all the tertiary 
hills which cover the plains, and rise in the longitudinal 
valleys on both sides of the Alps, all the alluvial earth 
which has served to bring to a level Lombardy, Pied- 



escarpements sent venus se ranger en talus des debris pierreux 
qui s'accroissent aux d^pens des parties sup^rieures. 

Les cimes Isolds, les aiguilles qui dominent la masse des 
grandes montagnes, sent comme des t^moins rest&i debout pour 
nous faire connaitre Tancienne ^^vation des montagnes ; ainsi 
TaiguiUe du Dru et Taiguille de Charmoz, qui paraissent au- 
dessus du Mont-Envers, n'ont certainement pas ^t^ places Ik 
dans r^tat oil elles sont aetuellement ; mais plus solides et plus 
dures que la masse k laquelle elles ont appartenu, elles ont 
resists k Taction des agents atmosph^riques qui ont d^truit ou 
du moins disperse les mat^riaux qui remplissaient Tespace qui 
s^pare le sommet de ces aiguilles du sommet du Mont-Blanc. 
J'en pourrais dire autant de toutes les cimes granitiques des 
Alpes ; mais je ne veux qu'indiquer cette id^. 

Pour reconstruire les Alpes telles qu'elles ont dA etre un jour, 
il faudrait y joindre toutes les collines tertiaires qui couvrent les 
plaines et s'&fevent dans les vall^s longitudinales des deux 
c&i4s des Alpes,* tout le terrain d'alluvion qui a servi k niveler 
la Lombardie^ le Pigment, le plateau de la Bresse et les rives du 
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mont, the Plateau of Brescia, and the banks of the 
Rhone ; all that has come down and carried farther sea- 
wards the coast line, whether at the mouth of the 
Rhone or at that of the Po ; all the erratic blocks, in 
fine, which are to be found, sometimes isolated, some- 
times in continuous lines across the valleys, and on the 
flanks of the mountains. 

In that case, perhaps, we should have for the plateau 
of the Alps enough of elevation, and enough of surface, 
to supply glaciers capable of filling all the valleys which 
border upon them, and consequently to carry thither 
the debris of the loftiest granite summits. 



CHAPTER XV. 

OF THE ADVANCE AND RETREAT OF STREAM GLACIERS. 

It is a pretty generally received prejudice that the 
lower part of a glacier is subject to periodical increase 
and decrease; that is to say, that the end of the 

Rhdne ; tout ce qui est venu barter les rivages de la mer, soit k 
rembouchure du Rh6ne, soit h. celle du P6 ; enfin tous ces blocs 
erratiques qui se trouvent tantdt isol&,tantdt en lignes continues 
h, travers les vall^s at sur le flanc des montagnes. 

Alors peut-Stre on trouverait assez d'^^vation at surtout 
assaz da surface sur le plateau das Alpes pour foumir des glaciers 
capablas da remplir toutas las vall^s qui las avoisinent, at par 
suite d'y transporter las d^ris des sommit^ granitiques los 
plus ^avfes. 



OHAPITKE XV, 

AVANCEMENT ET RETRAITE DES GLACIERS D'ECOULEMENT. 

Cast uii pr^jugd assez gdn^ralament re^u, qu'il y a dans la 
partie basse du glacier das accroissemants at d^roissamants 
p^riodiquas ; c'est-Jt-dira qua le bout du glacier aurait un certaiu 
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glacier has a sort of come-andrgo movement, a kind 
of oscillation whereby it alternately approaches to 
and recedes from the lower part of the valley. The 
inhabitants of mountain districts, little accustomed to 
be precise in their observations, have adopted the term 
of seven years to define the length of the period ; and 
however little we may know how many different ap- 
plications the number seven has in the language of 
mysteries, it is intelligible that this number must have 
been chosen to express a fact which has a real existence, 
but which is only vaguely known. In fact all travel- 
lers, who have desired to verify this phenomenon for 
themselves, have satisfied themselves that the fact of 
increase and decrease exists; but that it is subject to 
no law of regular recurrence. When we examine, as a 
whole, from an elevated spot, the localities in the 
neighbourhood of the end of the glacier, it is very easy 
to determine, by the aspect of the deposit, the extent 
over which the movement in question is being carried 
on. In the case of the Glacier des Bois, the difference 
between the greatest and least advance is only about 
150 toises. Let us now inquire the cause of this move- 

mouvement devaet vient, esp^ce d'oscillation par laquelle il se 
rapprocherait et s'^oignerait altemativement du fond de la 
vall^. Les habitants des montagnes, peu habitat k mettre 
de la pr^ision dans leurs observations, ont pris le terme 
de sept ans pour exprimer la longueur de la p^riode ; et pour 
peu que Ton sache combien le nombre sept a d'appUcations 
diff^rentes dans le langage des choses mystdrieuses, on com- 
prend que ce nombre devait 6tre choisi de pr^<^rence pour 
exprimer un fait qui a de la r^ilit^ mais qui n'est connu que 
vaguement. En effet, tous les voyageurs qui ont voulu par eux- 
m^mes verifier ce ph^nomfene, se sont assures que le fait des 
accroissements et des decroissements existe; mais qu'il n*est 
soumis k aucune loi de r^gularitd Quand on examine d'un 
endroit ^lev^ I'ensemble des lieux qui avoisinent le bout du 

fflacier, il est trfes-facile, par Taspect du d^p6t, de determiner 
'^tendue sur laquelle s'ex^ute le mouvement dont il s'agit. 
Pour le glacier des Bois, la difference entre le plus grand et le 
plus petit avaneement n'est que d'environ 150 toises. Recher- 
chons maintenant la cause de ce mouvement. De prime-abord 
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ment. We see at first sight that it is entirely com- 
prehended in those which occasion variations in the 
quantity of snow received upon the reservoir glaciers. 

In fact, if they receive an additional quantity of rain, 
of snow, or of vapour, the flow is in proportion, and the 
stream glacier must advance a little farther into the 
zone of melting before~it is destroyed ; if, on the other 
hand, the reservoir glaciers receive less, the stream 
glaciers are melted before reaching the same point. 
Now we know that there is a great difference between 
different years in respect of the quantity of rain they 
bestow upon the earth ; the glaciers also, therefore, must 
vary in bulk. The peasants of the valley of Chamouni 
say that heat causes the glaciers to increase. I should 
not be surprised if there were some truth in this asser- 
tion. When we call to mind that water has a melting 
power sixteen times as great as that of dry heat, it 
would follow that a summer of rain and continuous 
moisture must diminish the mass of a stream glacier 
much more rapidly than a summer of sunshine and 
drought, provided always that the rain were always 
warm, and did not pass into snow, as so often happens. 

on voit qu'elle est toute entifere dans les causes qui peuvent 
faire varier la quantity des neiges survenues dans les glaciers- 
r&ervoirs. 

En effet, s'ils regoivent plus de pluies, de neiges ou de 
vapeurs, rdcoulement est proportionn^, et avant d'etre d^truit, 
le glacier d'^coulement doit s'avancer un peu plus dans la zone 
de fusion ; si, au contraire, les premiers re9oivent moins, les 
demiers sont fondus avant d'arriver au mSme point. Or, 
on sait que les anuses varient beaucoup pour la quantity d'eau 
qu'elles donnent h. la terre; les glaciers doivent done aussi 
varier dans leurs masses. Les paysans de la vaU^e de 
Chamonix disent que les glaciers croissent par la chaleur. 
Je ne serais point ^tonn^ qu'il y eiit de la v^rit^ dans cette 
assertion. En nous rappelant que Teau a un pouvoir de fusion 
seize fois plus grand que la chaleur sfeche, il s'ensuivrait qu'un 
4ii6 pluvieux et continuellement bumide devrait diminuer la 
masse du glacier d'^coulement bien plus vite qu'un etd de soleil 
et de s^cheresse, pourvu cependant que les pluies fussent 
toi\jours chaudes et ne passassent pas £ la neige, comme cela 
arrive si souvent. 
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CHAPTER XVI. 



OF ANCIENT MORAINES. 



Hitherto I have only heard speak of the movement 
executed in a small number of years — of a movement 
whose alternations can be observed during the life of a 
man ; but there are, besides, on the ground, or at least at 
a certain distance from the glaciers, indications of a 
movement executed at a time which is, perhaps, sepa- 
rated from us by a long series of ages. The facts are as 
follows : — On examining the land situated at the ex- 
tremities of glaciers, and even at a pretty considerable 
distance in the prolongation of valleys, the upper parts of 
which are traversed by the ice, we see ancient moraines 
which have most assuredly been formed by the glacier, 
which is now at a distance from them more or less 
considerable, but nearly always great enough to suggest 
the conviction that the glacier never can return so far. 
In a paper published by M. Venetz, the engineer, 



CHAPITEE XVI. 

DBS ANCIENNES MORAINES. 

Je n'ai entendu jusqu'ici parler que du mouvement qui 
s'ex^ute dans un petit nombre d'ann^, de ce mouvement dont 
les alternatives peuvent s'observer pendant la vie d*un homme ; 
mais il y a en outre sur le sol, ou du moins h, une ceriaine 
distance des glaciers, des indices d'un mouvement qui s'est 
exdcutd dans un temps qui est peut-Stre sdpar^ de nous par 
une longue suite de si^cles. Voici les faits : en examinant les 
terres qui sont places & Textrdmitd des glaciers, et mfime h, ime 
assez grande distance dans le prolongement des valines dont la 
partie supdrieure est parcourue par les glaces, on aper9oit 
d'anciennes moraines qui ont m bien certainement formes 
par le glacier, qui maintenant s'en trouve dloign^ d'une distance 
plus ou moins considerable, mais presque toujours assez grande 
pour faire croire que jamais le glacier ne pourra revenir 
jusque-lJt. Dans un M^moire que M. Venetz, ing^nieur, a 
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On the variations of temperature in the valleys of 
Switzerland^ he refers to thirty-four glaciers of the 
Alps as having retired , from their ancient positions, 
and as having left traces of their stay at a distance of a 
league, and often more, from the place where they now 
come to an end. We even find moraines in places 
from which the glaciers have entirely disappeared. As 
this phenomenon is of great importance in the history 
of the revolutions of the glohe, I will give an idea of 
it by submitting to the notice of the reader the ancient 
moraines of the glacier of Rossboden, near the village of 
Simplon ; they are the only ones that I have had the 
opportunity of observing for myself. M. Venetz has 
given a sketch of them, which appears to me to be 
perfectly accurate, and which I copy from his paper. 

As we rise above the little village of Anderegen, 
which is built on ancient moraines^ we trace with 
the eye three lines of moraines which have been suc- 
cessively abandoned by the glacier, which has retreated 
to a distance of 7,000 feet from that which is now the 
most remote from it. As it is generally supposed that 
these derelict moraines go back to a great antiquity, I 



Eubli^ 8ur lea variations de la temperature dans les valleea de 
I SvAsse, il cite 34 glaciers des Alpes qui se sent retir^ de 
leurs anciennes positions, et (|ui ont laiss^ des traces de leur 
s^jour k une lieue, et souvent plus, de distance de Tendroit oil 
ils se tenninent maintenant. On trouve mSme des moraines 
sur des lieux oh. les glaciers ont entiferement disparu. Comme 
ce ph^nomene est d'une grande importance pour rhistoire des 
revolutions du globe, je veux en donner une id^ en mettant 
sous les yeux du lecteur les anciennes moraines du glacier de 
Bossboden, prfes du village du Simplon ; ce sont les seules que 
j'aie 4t4 dans le cas d'observer par moi-m^me. M. Venetz en a 
donn^ un dessin qui m'a paru parfaitement juste, et que je 
copie, dans son M^moire. 

En s'^evant au-dessus du p^tit village d'Anderegen, qui est 
bfi,ti sur les antiques moraines, on suit de Toeil trois enceintes 
de moraines qui ont 4i6 successivement abandonn^es par le 
glacier, qui s'est ^oign^ de 7,000 pieds de celle qui en est main- 
tenant le plus ^cartde. Comme on suppose en g^n^ral que ces 
moraines d^aiss^es remontent k une grande antiquity, j'ai 
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was desirous of attempting to v.ferify thi^ opinion by a 
comparison of the space giv^ jjp by the glacier in its 
retreat, with the time it aj)pear& to* occU^y in its retro- 
grade movement. According to information obtained 
on the spot, this glacier, which continues to diminish, 
seems to have abandoned liOO feet of earth in ten years. 
As the sum total of its retreat is 7,000 feet, supposing 
that its pace was regular, we shotlld have 100 : 7,000 : : 
10 : 700 years — which would thus have been needed 
to bring about the change observable at the present 
day. 

In the map accompanying M. Venetz's paper the 
ancient moraines are designated by the letters A, B, 
C, D, E, F, G. These moraines which formed a sort 
of inclosed work have been cut by the torrent which 
occupies the lower portion of the valley. From the 
point K, at which the glacier terminates at the present 
moment, to the point D, which it formerly reached, 
the distance is 7,000 feet. 

All naturalists have observed that the glacier from 
which the Rhone makes its escape into the Valley of 
Conches, occupied in former times a space much more 
considerable than that which it now occupies. The 

voulu essayer de verifier cette opinion en comparant Tespace 
abandonn^ par la retraite du glacier, au temps qu'il semble 
mettre h son mouvement rt^trograde. D'aprfes des informations 
prises sur les lieux, ce glacier, qui continue a diminuer, semble 
avoir abandonn^ 100 pieds de terrain en 10 ans. Comme la 
totality de la retraite est de 7,000 pieds, k supposer que sa 
marche fiit regulifere, nous aurions 100 : 7,000 : : 10 : 700 ans, 
qui auraient dtd necessaires pour op^rer le changement qui 
s'observe aujourd'hui. 

Dans la carte qui accompagne ce M^moire, les anciennes 
moraines sont d^sign^es par les traces A, B, C, D, E, F, G. Ces 
moraines qui formaient une espece d'enceinte, ont et^ couples 
par le torrent qui occupe le fond de la vallee. Pepuis le point 
K auquel se termine actuellement le glacier, jusqu'au point D 
oil il arrivait autrefois, la distance est de 7,000 pieds. 

Tous les naturalistes ont observe que la glacier d'oii s'echappe 
le Rh6ne dans la vallee de Conches, a occup^ jadis un espace 
bien plus ^tendu que celui qu'il occupe maintenant. Le 
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ground it has abandoned is covered with a series of 
moraines extremely interesting to the observer. I shall 
transcribe the description of them given by M. Venetz 
in the paper already cited : — 

^'The moratrie most remote from the glacier leans 
"against a rock, forming a hillock, on which are con- 
"structed the chalets of the upland pasture ground. 
** It displays a great width, with a height of about two 
"and twenty feet. From the inner edge of this first 
" line of works to the middle of a second we found a 
" distance of about thirty feet ; from this to another, 
" scarcely perceptible, forty-five ; thence to a larger one, 
"ninety; from this fourth to a following one, about 
" eighteen feet high, two hundred and forty-three feet. 
"Close to the last there is a small one, which we 
" measured into the distance of the following one, which 
" is five feet high, and is situated at two hundred and 
" forty feet from the great one. On the right of the 
" valley, this moraine branches into three or four up to 
" about its middle. From this moraine to another, four 
"feet high, ninety feet. The latter forms a series of 



terrain qu'il a d^iss^ est reconvert d'une suite de moraines 
extrfemement int^ressantes pour Tobservateur. Je vais 
donner ici la description qu'eji fait M. Venetz dans le 
Mdmoire ddj^ cit^ : 

" La moraine la plus ^oignde du glacier s'adosse centre un 
rocher, formant un monticule, sur lequel sont construits les 
chMets de la montagne. Elle pr^sente une grande largeur, 
"sur une hauteur d'environ vingt-deux pieds. Du bord 
" interieur de cette premifere enceinte jusqu'au milieu d'une se- 
*' conde, nous avons trouvd une distsiice de trente pieds ; de 
*' celle-ci h, une autre, presque imperceptible, quarante-cinq ; de 
" 1^ a ime plus grande, quatre-vingt-dix ; do cette quatri^me a 
" une suivante, qui a environ dix-huit pieds de hauteur, deux 
" cent quarante-trois pieds. Tout prfes de celle-ci on en rencon- 
'* tre une petite, que nous avons comprise dans la distance de la 
" suivante, qui a cinq pieds de haut, et se trouve k deux cent 
" quarante pieds de la grande. Sur la droite de la vallde, cette 
" moraine se divise en trois ou quatre jusque vers le milieu. 
" De cette moraine k une autre, de quatre pieds de hauteur, 
'' quatre-vingt-dix pieds. CeUe-ci forme une suite de moraines 
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morameSy piled up in an irregular fashion one against 
*' another for a length of three hundred and sixty feet, 
" rising, almost insensibly, to a height of twenty feet 
^^and upwards. This assemblage of a quantity of 
^^ moraines describes an arc, and unites itself, on the 
'* right, with the last, without reaching the foot of the 
" mountain. Here the Rhone escapes from the glacier, 

crossing the last line of works which it has formed ; 

then it follows the preceding one to the middle of 
" the plain, where it cuts it, as it does all the others. 
" From the place where the Rhone crosses this heap of 
" moraines to the most recent moi^aine the distance is 
'* three hundred feet. On the left of the centre of 
"the glacier, the last -mentioned ^tnoraine just gives 
"a glimpse of the fact that it had covered one 
"more ancient, inasmuch as the turf is still visible 
" upon it." 

From all these observations some naturalists have 
concluded that these movements of the glaciers go back 
to a very high antiquity. Possibly this idea may arise 
from the fact that the nature and origin of stream 
glaciers had not been sufficiently examined. I will here 
bring together the different considerations to which 



" entass^es irrdguliferement les unes centre les autres, sur une 
"longueur de trois cent soixante pieds, s'^evant presque 
insensiblement k la hauteur de vingt pieds et plus. Get 
assemblage d'une quantity de moraines d^crit un arc et se 
" r^unit, sur la droite, k la demifere, sans atteindre le pied de la 
" montagne. Ici le Rhone s'dchappe du glacier, en traversant 
"la demifere enceinte que celui-ci a formde; puis il suit la 
" prdc^dente jusqu'au milieu de la plaine, oii il la coupe comme 
" toutes les autres. Depuis Tendroit ou le Rh6ne traverse cet 
"amas de moraines jusqu'^ la plus r^cente, la distance est 
"de trois cents pieds. Sur la gauche du centre du glacier, 
"celle-ci laisse entrevoir qu'elle en avait convert une plus 
" ancienne, puisqu'on y voit encore le gazon." 

De toutes ces observations quelques naturalistes ont conclu 
que ces mouvements des glaciers remontaient k une trfes-haute 
antiquity. Peut-Stre cette idde vient-elle de ce que la nature 
et Torigine des glaciers d'&;oulement n'avaient pas ^t^ assez 
bien examines. Je vais r^imir ici les diffi^rentes consid^ 
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regard must be had before pronouncing a judgment on 
the age of the moraines which lie in front of glaciers. 

Firstly. We have seen that the smallest modification 
accruing to the slopes of reservoir glaciers might cause 
notable changes in stream glaciers, by taking from the 
one to increase the others. 

Secondly. If it is true that a great number of glaciers 
have retired, it is also true that several have encroached 
upon lands formerly remote from them. In several 
places in the Alps there were frequented passages, which 
are now blocked up by eternal snows. Glaciers have 
been formed, in recent times, on spots where there never 
had ever been any. The Glacier of Rothelch, which 
commands the new hospice of the Simplon, had no 
existence in 1732 ; which would seem to prove that 
these changes are due to accident rather than to general 
causes. 

Thirdly. Moraines may have been formed much more 
rapidly in primitive times, when the mountains were less 
hardened, and before they had acquired the banks 
formed from their own debris, which now serve them as 
buttresses. 

rations auxquelles il faut avoir ^gard avant de porter un juge- 
ment sur Vkge des moraines qui devancent les glaciers. 

1° On a vu que la plus petite modification survenue sur les 
pentes des glaciers-r^ervoirs pouvait causer des changements 
notables dans les glaciers d*feoulements, enlever aux uns pour 
augmenter les autres. 

2° S'il est vrai quW grand nombre de glaciers se soient 
retir^, il est vrai aussi que plusieurs ont empi^t^ sur des terres 
qui en dtaient ^loignfes auparavant. Dans plusieurs endroits 
des Alpes il y avait des passages frdquent^s qui sont maintenant 
obstru^s par des neiges ^temelles. II s*est form^ dans les 
temps r^cents des glaciers sur des lieux oti il n'y en avait 
jamais eu. Le glacier de Rothelch, qui domine le nouvel 
hospice du Simplon, n'existait pas en 1732. Ce qui semblerait 
prouver que ces changements sont dus k des accidents plutfit 
qu'^ des causes g^n^rales. 

3° Les moraines ont pu se former beaucoup plus rapidement 
dans les premiers temps oil les montagnes etaient moins durcies, 
et avant qu'elles eussent re^u ces talus formal de leurs propres 
debris et qui leur servent maintonant de contrefort. 
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Fourthly. The incessant crumbling away to wliicli 
mountains are subject is considerable enough, at certain 
points, to render their loss of height perceptible in the 
short space of a man's life. The rocks which cumber 
the bottoms of valleys, those which are carried down 
into the plains by avalanches of earth — sand, gravel, 
earth, carried by water very far from its place of origin, 
constitute a sort of measure of the lowering of the 
mountains. The aiguilles of laminated rock found so 
frequently on crystalline mountains, are, as it were, sur- 
viving witnesses to the ancient elevation of the mountain 
chains. But is it not quite natural that the lowering 
of the mountains, the raising of the valleys, the destruc- 
tion of the mountain peaks, should contribute to the 
diminution of the glaciers ? 

Fifthly. The heightening of the soil in the bottoms 
of the valleys may, in the same way, have brought 
about sensible changes in the extent of glaciers ; for 
the mean temperature increases in proportion as the 
ground is brought to a uniform level, even when it re- 
mains at the same absolute height. 

Sixthly. The destruction of forests must have had a 



4^ Les d^dations incessantes que subissent les montages 
sent assez considerables pour que, sur certains points, leur 
abaissement soit observable pendant le court espace de la vie 
d'un homme. Les rochers qui encombrent le fond des vall^s, 
ceux qui sont arrives jusques dans les plaines par les avalan- 
ches terreuses, les sables, les graviers, les terres que les eaux 
portent bien loin de leur origine, sont une espece de mesure de 
Tabaissement des montagnes. Les aiguilles de roches feuillet^s 
que Ton retrouve si fr^quemment sur ces montagnes cristaUines, 
sont comme des t^raoins rest6i de Tancienne ^Idvation des 
chaines. Mais n'est il pas bien naturel que Tabaissement des 
montagnes, T^^vation des vall^s, la destruction des cimes con- 
tribuent k la diminution des glaciers ? 

5** L'exhaussement du sol dans le fond des vaU^s a pu de 
mSme apporter des changements sensibles dans T^tendue des 
glaciers ; car la temperature moyenne augmente k mesure que 
le sol s'uniformise, alors mSme qu'il reste k la mSme elevation 
absolue. 

6° La destruction des for^ts a d<i avoir ime trfes-grande 
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very great influence on the extent and even on the 
direction of glaciers. This is not the place in which to 
treat of this subject, which has already occupied the 
attention of a great number of naturalists ; suffice it to 
remind the reader, that they are all agreed in asserting 
that the presence of forests lowers the temperature. 

Seventhly. For the same reason, cultivation must also 
contribute to change the limit of snow and the extent 
of glaciers. 

Eighthly. Lastly, if the valley which serves as the 
glacier bed is obstructed by matter, and the glacier can- 
not flow with ease, the ice heaps itself up so as to fill 
the valley ; and as the causes which produce melting 
will be powerless as against too great a mass, the glacier 
will gain in surface, and will make moraines on all its 
edges ; but if an inundation of any sort, an avalanche, for 
instance, should come and clear the valley, the ice will 
flow, will be borne rapidly forward, will leave moraines 
ahead, and little by little will retreat under the influence 
of the causes which produce melting. 

I think that, with an attentive examination of locali- 
ties, this last consideration would frequently be found 
applicable. 

influence sur T^tendue et m6me sur la direction des glaciers. 
Ce n'est pas ici le lieu de traiter ce sujet, qui a d^j^ occup^ un 
grand nombre de naturalistes ; il suffit de rappeler qu'ils sent 
tons d'accord pour affirmer que la pr6ience des forfets fait 
baisser la temperature. 

7° Par la mSme raison, la culture doit aussi contribuer h, 
changer ]a limite des neiges et T^tendue des glaciers. 

8° Enfin, si la valine qui sert de lit au glacier est obstrufe par 
les mat^riaux, et que les places ne puissent pas s'^ouler facile- 
ment^ elles s'amonc^lent ae mani^re k la remplir ; et comme les 
causes de fusion seront impuissantes sur une trop grande masse, 
le glacier gagnera en surface et fera des moraines sur tons ses 
bords ; mais si une d^blicle quelconque, une avalanche vient k 
ouvrir la valine, les glaces couleront, se porteront rapidement 
en avant, y laisseront des moraines, et peu k peu se retireront 
sous rinfluence des causes de fusion. 

Je pense qu*avec un examin attentif des locality, on trou- 
verait une application fr^kjuente de cette demifere consideration. 
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M. Godefroi, after having enumerated the new glaciers 
which have been formed in the Alps, and which have 
blocked up different passages which were formerly very 
practicable, whether between the different valleys of 
Switzerland, or between the Valais, Savoy, and Pied- 
mont, inquires what can be the cause of this advance 
of the glaciers on the loftiest cols of the Alpine chain, 
whilst these same glaciers are evidently retreating at 
their lower part. I, too, have sought the solution of 
this double-headed problem, the two heads of which 
seem so diametrically opposed ; I wiU give it in the 
following chapter. 



CHAPTER XVII. 

OF THE CHANGES WHICH HAVE TAKEN PLACE IN GLACIERS. 

From the knowledge we have acquired of reservoir 
glaciers and stream glaciers, it is easy to understand 
that, in the forms of the higher rocks, changes may 



M. Godefroi, apres avoir ^num^r^ les glaciers nouveaux qui se 
sont forrn^ sur les Alps, et qui ont obstrud diffi^rents passages 
qui ^taient autrefois trfes-pratieables, soit entre les diflKrentes 
vallfes de la Suisse, soit entre le Valais, la Savoie et le Piemont, 
cherche quelle peut etre la cause de cet avaneement des glaciers 
dans les cols les plus ^ev^s de la chaine alpine, tandis que ces 
memes glaciers se retirent ^videmment dans la partie infi^rieure. 
J'ai de m^me cherch^ la solution de ce probleme k deux parties 
qui semblent si diam^tralement oppos^es; je la donnerai dans 
le chapitre suivant. 



CHAPITRE XVII. 

DES CHANGEMENTS SURVENUS DANS LES GLACIERS. 

Par les connaissances que nous avons acquises sur les glaciers- 
r($servoirs et les glaciers d'^coulement, il est facile k comprendre 
qu'il peut survenir, dans la forme des rochers sup^rieurs, des 
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supervene, which will modify the respective quantities 
of ice which flow out by each channel. The sum total 
of the ice fonned on the different ridges of Mont Blanc 
distributes itself, in order to descend into the region of 
melting, amongst all the channels, in proportions 
determined by the nature of the slope, the capacity of 
the ravines, the smooth or uneven nature of the surface 
which supports the ice, and a thousand other trifling 
circumstances which may escape our apprehension. 
Now, all these circumstances are of a variable nature. 
Thus, a rock which narrowed the communication between 
the reservoir glacier and the stream glacier may be dis- 
turbed, and borne away by the ice, and may increase its 
flow; thenceforward, the quantity supplied to the stream 
glacier being more considerable, it will encroach on the 
land which surrounded it. Similarly, it may happen 
that a rock travelling with the ice may be arrested in 
its course by impediments of ground, and may become 
itself an impediment to the flow; thenceforward, the 
glacier, being less abundantly fed, will retreat ; but the 
ice must needs open another exit for itself, and per- 
haps form a new glacier. Lastly, we can understand 



cban^ements qui modifieront les quantites respectives de glace 
qui s ^oulent par chaque canal. La totality des glaces qui se 
forment sur les diverses crates du Mont-Blanc, se distribuent 
pour descendre dans la region de fusion entre tous les canaux, 
et dans des proportions qui sont d^termin^es pax la nature de la 
pente, la capacity des couloirs, la nature lisse ou raboteuse de la 
surface qui porte la glace, et mille autres petites circonstances 
qui peuvent Ashapper k notre appreciation. Or, toutes ces cir- 
constances sont de nature h, changer. Ainsi un rocher qui 
r^tr^cissait la communication entre le glacier-r&eivoir et le 
glacier d'dcoulement, peut 6tre ^ranl^, entrain^ par les glaces, 
et augmenter leur ^coulement ; dfes lors la quantity fournie au 

fflacier d'feoulement ^tant plus considerable, il empi^tera sur 
e terrain qui Tenvironnait. De mSme, il se peut qu'un rocher 
achemine avec les glaces soit arrSte dans sa course par des ob- 
stacles de terrain, et qu'il fasse lui-m6me obstacle k r^coule- 
ment ; dfes lors le glacier, moins abondamment aliments, se re- 
tirera ; mais il faudra que la glace s'ouvre une autre issue, et 
peut-6tre forme un nouveau glacier. Enfin, Ton con9oit que la 
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that the quantity of ice formed in the reservoir glaciers 
being always nearly the same, a change in a stream 
glacier cannot happen without its being reproduced in 
the opposite direction in one or more other glaciers : 
if one of them were to be entirely intercepted, others 
would increase in order to supply its place. 

In fact, observation info^ us*^ of considerable 
changes which have taken place in the extent of certain 
glaciers. The Glacier des Bois^ as M. de Saussure 
observes, has retreated about 150 toises; we can esti- 
mate its retreat by a great deposit, which in former 
times was a moraine^ and which at the present day is 
covered with puny larches, but which the glacier no 
longer reaches at its periods of greatest increase. 

The glacier has diminished proportionally through- 
out its whole extent. M. Godefroi is in error in saying 
that the Mer de Glace has received an augmentation 
from behind. It is a mistake, which is demonstrated by 
the two moraines which have been left precisely on the 
edges of the Mer de Glace, and at more than sixty 
feet above the ice, as it now is, and the moraine in 
course of formation. 

quantity de glace qui se forme sur les glaciers-r^ervoirs ^tant 
toujouFB k trfes-peu prfes la mSme, il ne peut survenir un change- 
ment dans un glacier d'^oulement sans que ce changement ne 
se reproduise k Tinverse dans un ou plusieurs autres glaciers : 
si Tun deux venait k Stre enti^rement intercepts, d*autres 
s'accroitraient pour le remplacer. 

En effet, Fobservation fait connattre des changements consi- 
derables survenus dans TStendue de quelques glaciers. Celui 
des Bois, comme Tobserve M. de Saussure, s'est retirS d'environ 
150 toises ; on peut en juger par un grand dSpdt qui fut jadis 
une moraine et que est aujourd'hui convert de chStifs m^feses, 
mais que le glacier n'atteint plus dans ses plus grands accroisse- 
ments. 

Le glacier a proportionnellement diminuS dans toute son 
Stendue. M. Godefroi s'est mSpris en disant que la mer de 
glace avait re§u un accroissement postSrieur. C'est une erreur 
qui est dSmontr^ par les deux moraines qui ont 4i4 d^aiss^s 
pr^isSment sur les bords de la mer de glace, et k plus de soix- 
ante pieds au-dessus des glaces actuelles et de la moraine en 
formation. 
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Again, according to the observations of M. de 
Saussure, the glacier of Mont Dolent, in the Val Ferret, 
in former times filled the lower part of a valley, which 
it leaves at the present day uncovered. Its ice must 
have lost about two hundred feet in thickness. On 
the other hand, the Glacier de Triolet, which is in the 
same valley, seems to have been increasing considerably 
for a certain number of years past. These two glaciers 
start from the same part of the reservoir; up till 1721, 
the first appears to have been the more abundant ; at 
that date, the fall of a rock, which took place on the 1 4th 
September, below the Triolet, facilitated the flow of the 
latter, which is still increasing, whilst the other is 
diminishing. 

In the fa,cts I have just pointed out, nature herself 
shows us her manner of action ; all we have to do is to 
extend her action to all identical results. Observation 
sufl&ciently proves to us that the mountains are in 
process of exhaustion, are crumbling away; in proportion, 
therefore, as the rocks which served as ramparts to the 
reservoir glaciers are carried away by pressure or 
decomposition, the ice which is no longer held back 
spreads out on the flanks of the reservoir glaciers, and 

Encore selon les observations de M. de Saussure, le glacier du 
Mont-Dolent, dans la vall^ de Ferret, remplissait jadis le fond 
d'une vall^, qu'il laisse aujourd'hiii k d^couvert. Ses glaces ont 
d<i perdre environ deux cents pieds d'dpaisseur. Au contraire, 
le glacier du Triolet, qui est dans la mSme valine, paratt s'ac- 
croitre consid^rablement depuis un certain nombre d'ann^es. 
Ces deux glaciers partent de la mfime partie du reservoir; jus- 
qu'en 1721, le premier parait avoir dt^ plus abondant; h, cette 
^poque la chute d*un rocher qui eut lieu le 14 de septembre, au- 
dessous du Triolet, facilita T^oulement de ce dernier, qui s*ac- 
crolt encore, tandis que Tautre diminue. 

Dans les faits que je viens d*indiquer, la nature nous montre 
elle-mSme sa mani^re d'agir ; il ne s'agit que d'dtendre son action 
k tous les effets identiques. L'observation nous prouve assez 
que les montagnes s'usent, se d^radent ; h, mesure done que les 
rochers qui servaient de remparts aux glaciers- reservoirs, . sont 
einport^ par la pression ou par la d^omposition, les glaces qui 
ne soDt plus retenues s'^panouissent sur les fluncs des glacieju- 
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thenceforward there is an extension of the upper 
glaciers, or even a formation of new glaciers ; thence- 
forward melting is favoured by the increase of surface, 
and thenceforward the ice supplied to the lower stream 
glaciers being no longer so abundant, they retreat, and 
withdraw fix>m the old moraines. The cause of this 
retrograde movement being continuous, it must be 
the same with the effect, and the lower glaciers will 
continue to diminish. 

While considering the growth of the upper glaciers, 
M. Godefroi thinks he has grounds for concluding that 
the limit of perpetual snow has risen, without, however, 
any change having taken place in the mean temperature 
of the climate. This is no doubt a mistake on the part 
of M. GodefroL It is not fix>m the glaciers that we 
can estimate the position of the limit of eternal snow ; 
this line passes exactly where the temperature is suffi- 
cient to melt each year the snow of the year ; but the 
moment that we have to deal with a place where we 
find, not only the snow of the year, but also ice come 
from the upper regions, it is obvious that there we can 
no longer look for the limit of perpetual snow. Stream 



r^ervoirs, et d^ lors il y a extension des glaciers sup^rieurs, ou 
m^me formation de glaciers nouveaux ; d^ lors la fusion est 
favoris^ par Taugmentation de la surface, et d^ lors la glace 
fournie aux glaciers d'^ulement in£^eurs n'^tant plus aussi 
abondante, ils se retirent et s'^oignent des anciennes moraines. 
La cause de ce mouvement de retraite ^tant continue, il doit en 
Stre de mSme de Teffet, et les glaciers infdrieurs continueront k 
diminuer. 

En consid^rant I'accroissement des glaciers sup^rieurs, M. 
Godefroi se croit autoris^ k conclure que la limite des neiges 
perp^tuelles s'est flevfe, sans cependant qu*il y ait eu de change- 
ment dans la temperature moyenne du climat. II y a sans doute 
m^prise de la part de M. Godefroi. Ce n'est pas d'aprfes les 
glaciers que Ton pent juger la position de la limite des neiges 
iternelles ; cette ligne passe precis^ment oil la temperature est 
suffisante pour fondre cheque annee la neige de Tann^e ; mais 
dfes rinstant oil il s'agit d'un lieu oti non-seulement on trouve 
la neige de Tannde, mais encore la glace venue des regions supd- 
rieures, on sent qu*il ne faut plus cnercher dans ce lieu la limite 
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glaciers, therefore, may be formed without having any 
relation to the line of perpetual snow, and without any 
change having taken place in the general temperature. 

It is well known that after the year 1811, which had 
been dry and hot, the glaciers diminished considerably ; 
but after the rainy years of 1815, 1816, and 1817, the 
reservoir glaciers having received a considerable mass 
of water, the line of perpetual snow fell, and the stream 
glaciers followed the same course. At this date the 
rlacier of Distel, in the Valley of Saas, in Switzerland, 
came down nearly fifty feet in a single year. 

These instances might be multiplied ; but the position 
appears to me sufl&ciently self-evident. 



des neiges perp^tuelles. II peut done se former des glaciers 
d'ecoulement sans qu'ils aient aucun rapport avec la ligne des 
neiges perp^tuelles, et sans qu'il se soit op^d aucun changement 
dans la temperature commune. 

II est reconnu qu'aprfes TanD^ 1811, qui avait et^ sfeche et 
chaude, les glaciers avaient consid^rablement diminu^; mais 
apr^ les ann^s pluvieuses de 1816, 1816, 1817, les glaciers- 
reservoirs ayant re9u une masse d'eau considerable, la ligne des 
neiges perpdtuelles s'est abaiss^e, et les glaciers d'ecoulement 
ont suivi la mSme marche. A cette ^poque, le glacier de Distel, 
dans la valine de Saas, en Suisse, descendit de pr^s de 50 pieds 
dans une seule ann^e. 

On pourrait multiplier les exemples, mais la th^e me semble 
assez demontlree par elle-mSme. 
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CHAPTER XVIII. 

ATTEMPTS TO CALCULATE THE AGE OF THE GLACIER 

DES BOIS. 

From the time of M. de Luc, all geologists have sought 
to read the age of the world in the relations which 
must exist between the different revolutions which have 
succeeded one another on the surface of the globe. 
The sinking down of the mountain tops, the progressive 
elevation of the valleys, the alluvial deposits produced 
by the rivers at their entrance into lakes, or into 
the sea, the debris fallen from the mountains, and 
rising in banks along their sides, have furnished the 
author of the PaliiigSnSsie with arguments demon- 
strating, to his satislaction, the youth of the world. 
It seems to me, that the consequences which have been 
attempted to be deduced from these different facts, are, 
in general, exaggerated. They ought to be confined to 
an epoch in the world's history, instead of being always 
applied to its origin. For example, from the pro- 
gressive sinking of the mountains, we can, at the 

CHAPITEE XVm. 

ESSAIS DE CALCUL SUR L'AGE DU GLACIER DES BOIS. 

Depuis M. de Luc, tous les g^logistes ont cherch^ k lire 
rSge du monde dans les rapports que doivent avoir entre elles 
les diff^rentes revolutions qui se sont succ^^ sur la surface du 
globe. L'abaissement des cimes, T^^vation progressive des 
valines, les atterrissements produits par les fleuves k leur entrfe 
dans les lacs ou dans la mer, les ^boulis toinb^ des montagnes 
et s'^evant en talus le long de leurs flancs, ont fourni des ar- 
guments k Tauteur de la PaZirigmSaie, pour lui d^montrer la 
jeunesse du monde. II me semble que les consAjuences que 
Ton a essay^ de tirer de ces divers faits sont en g^n^ral exag^ 
rdes. Elles devraient 6tre restreintes h, une ^poque du monde, 
au lieu d'etre toujom's appliqu^es k son origine. Ainsi, par 
l'abaissement progressif des montagnes, on peut tout au plus 
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utmost, calculate the age of the mountains, but not 
that of the world, which may have existed a long time 
without mountains, or with mountains other than ours. 

Several naturalists, since the time of M. de Saussure, 
have thought that probable conclusions with respect to 
the antiquity of the world might be drawn from the 
formation of the moraines which fringe the glaciers. 
It is this idea that I wish to submit to calculation, 
without, however, pushing the results too far. When 
it shall be demonstrated to me that the work of the 
glaciers, to produce its known effects, must have lasted 
from three to four thousand years, I shall conclude 
therefrom that the glacier has been in existence from 
three to four thousand years ; but it would be more than 
rash to make the existence of the earth depend upon 
the existence of one or of several glaciers. The 
face of the earth is a record in which are written 
the numerous revolutions which have succeeded one 
another upon it ; to know one of them is not to know 
them all. 

The glaciers convey sand and rocks, which pile them- 
selves up at its edges, and are there to be seen like 
ramparts ; it is at the extremity of the glacier that this 

calculer V&jge des montagnes, mais non pas celui du globe, qui 
a pu exister long-temps sans montagnes^ ou avec d'autres mon- 
tages que les notres. 

Husieurs naturalistes, aprfes M. de Saussure, ont pens^ que 
Ton pourrait tirer sur Tantiquit^ du monde des inductions pro- 
bables d'apr^s la formation des moraines qui bordent les glaciers. 
C'est cette id^ que je vais essayer de soumettre au ealcul, sans 
cependant pousser trop loin les consequences. Quand il me sera 
d^montr^ que le travail du glacier, pour produire les effets connus, 
a d<i durer trois h, quatre mille ans, j'en conclurai que le glacier 
existe depuis trois %, quatre mille ans ; mais il y aurait plus que 
de la t^m^rite h, rattacher Texistence de la terre h, Texistence 
d'un ou de quelques glaciers. La face de la terre est un registre 
oil sont inscrites les revolutions nombreuses qui s'y sont succ^dd; 
en connattre une ce n'est pas les connaitre toutes. 

Les glaciers charrient des sables et des rochers qui s'entassent 
sur les bords et qui s'y pr65entent comme des remparts ; c'est k 
Textr^mitd du glacier que ce ddpdt est le plus abondant; c'est 
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deposit is the most abundant ; and this it is, that we 
will take for one of the bases of our calculation. If 
the total quantity of the deposit were known to us, 
with the partial quantity supplied to it each year 
by the river of ice, these two terms would give us that 
which represents its age ; but it is obvious that we can 
form only approximate estimates, with respect both 
to the one and to the other ; and the same calculation, 
made by twenty persons, would probably give twenty 
results, quite wide apart from one another. This is, to 
my thinking, a more than sufficient reason for not 
reposing absolute faith m any of them. 

However, they give an idea of duration, which, from 
its shortness, is in harmony with aU the other indica- 
tions of the youth of the world of humanity, of the 
world as it has been set in order for the reception of 
.man. 

Instead of inquiring what quantity of matter the 
glacier pours year by year upon its terminal moraine^ 
I have sought to discover approximately how much 
matter it contains upon its whole surface, and what 
time it takes entirely to renew itself. Knowing these 
two terms, and comparing the quantity contained on 

fc ^' ■■— P^^^— — ■ ■■ I I ■ ■■■■ ■ ■ ■ I ■ ■ I !■■■ ^— ^i.^— ^■^» I ^^^— ^^^^^^»^i^ 

celui-l& que nous prendrons pour Tune des bases de notre calcuL 
Si la quantity totaJe du d^pot nous etait connue, avec la quan- 
tity partielle qui lui est foumie chaque ann^ par le fleuve 
glac4 ^^ deux termes nous donneraient celui de son &ge ; mais 
on sent que Ton ne peut former sur Tim et but I'autre que des 
appr^iations approximatives ; et le mSme calcul fait par viq^ 
personnes, donnerait probablement vingt r^ultats tout-^-fait 
^oign& les uns des autres. C'est, selon moi, une raison plus 
que suffisante de ne croire k aucun d'une mani^iB absolue. 

Cependant ils foumissent une id^ de dur^ qui, par sa 
bri^vet^, est en rapport avec tous les autres signes de la jeunesse 
du monde humanitaire, du monde tel qu'il a ^t^ rang^ pour 
recevoir les hommes. 

Au lieu de chercher combien de mat^riaux le glacier verse 
cheque ann^e sur sa morame inf^rieure, j'ai cherch^ k connaitre 
approximativement combien il en contient dans toute sa surface^ 
et combien il met de temps h, se renouveler tout entier. Avec 
la connaissance de ces deux termes, et en comparant la quantity 
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the whole of the glacier with the mass of the deposit, 
I shall know how many times the glacier must have 
renewed itself, and consequently how long it must 
have existed. 

Now, the materials accumulated at the foot of the 
glacier form a mass whose dimensions, reduced to 
means, are about : — 

Length, 150 feet. 

Breadth, 600 „ 

Depth, 100 „ 

(150 X 600 X 100 = 9,000,000 of cubic feet for the 
measure of the deposit.) 

The rock-trains which I have described in Chapter 
IX., and which will be poured into this deposit, may 
be estimated as follows : — 

Length, .... 30,000 feet. 
Mean breadth, ... 300 „ 

Mean depth, .... \ foot 

which gives 30,000 x 300 x ^ = 4,500,000 cubic feet. 
This quantity being contained twice in the quantity 

contenue sur la glacier total k la masse du d^pdt, je saurai com- 
bien de fois le gmcier aura d{l se renouveler, at par cons^uent 
combien il aura durd 

Or, les mat^riaux accumul^ au bas du glacier ferment ime 
masse dont les dimensions, ramen^ k des moyennes, sont 
environ : 

Longueur, 150 pieds. 

Largeur, . . . 600 „ 

Profondeur, 100 „ 

(150 X 600 X 100 = 9,000,000 de pieds cubes pour la mesure 
dud^p6t). 

Les traim4e8 rocheusea que j'ai d^rites au Ch. IX, et qui vont 
se verser dans ce d^p6t, peuvent Stre ^valu^s conune if suit : 

Longueur, 30,000 pieds. 

Largeur moyenne, * 300 „ 

Ptofondeur moyenne, i » 

Ce que donne 30,000 x 300 x | = 4,500,000 pieds cubes. 
Cette quantity ^tant contenue deux fois dans la quantity du 
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of the deposit, we may conclude that the glacier has 
been twice renewed to form it. Let us see what length 
of time it takes to flow entirely out. 

According to the observations I have cited in Chapter 
VIII., it advances 60 feet per annum, and according 
to the maps of M. de Saussure, its total length, reckon- 
ing from the upper glaciers which it receives, is 30,000 
feet, which, divided by 60 feet (the length traversed 
each year), gives 500 years, and as it must have emptied 
itself twice only, it cannot have begun more than a 
thousand years ago. 

I hasten to give warning that nothing is more un- 
certain than the result of these calculations. There is 
not one of the factors of the operation which may not 
be added to or diminished, without, perhaps, dep^uiiing 
further from the truth than I have done. The mass 
of the deposit, supposing even that the dimensions 
indicated were exact, must have been much greater if 
there were added to it : — ^all the earth which water 
brings down, and aU the blocks of rock it has rolled 
along the valley, and all that has passed from the rock- 
trains on to the banks of the glacier. Nor is the mass 



d^pdt, nous pouvons en conclure que le glacier s'est renouvel^ 
deux fois pour le former. Voyons maintenant combien de temps 
il met k s ^uler tout entier. 

D'aprfes les observations que j'ai citfes dans le Chap. VIII, il 
avance de 60 pieds par ann^, et d'apr^s les cartes de M. de 
Saussure, sa longueur totale, en comptant depuis les glaciers 
sup^rieurs qn'il re9oit, est de 30,000 pieds, qui, divis^s par 60 
pieds (longueur parcourue chaque ami^e), donnent 500 ans, et 
comme il n'a d{l se verser que deux fois, il n'aurait dii com- 
mencer que depuis mille ans. 

Je me hltte d'avertir que rien n'est plus incertain que le 
r&ultat de ces calculs. II n'est pas im des facteurs de I'op^ra- 
tion auquel on ne piit ajouter ou diminuer sans peut-^tre 
s'^oigner de la v^rit^ plus que je ne Tai fait. La masse du d^p6t, 
suppose mSme que les dimensions que fai indiqudes fussent 
cxactes, devrait 6tre bien plus grande si ion y ajoutait toutes 
les terres que les eaux entralnent et tons les blocs de rochers 
qu'elles ont roules le long de la valine, et tout ce qui a pass^ 
des tratn^ rocheuses sur les rives du glacier. La masse des 
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of the rock-trains brought up to its true value, inasmuch 
as I have counted only that which is on the surface, 
without keeping count of the matter contained in the 
interior of the ice. Lastly, as I observed in Chapter 
VIII., the velocitv of the glacier, estimated at 60 feet, is 
absolutely unreliable, because my observations were 
not sufficiently numerous, and were made at one point 
only. Admitting, however, that these data were 
complete, they could prove but one thing, namely, the 
epoch at wluch the terminal moraine began to be 
formed ; but before that time the river of ice descending 
much lower probably strewed the substances which it 
carries over other moraines which time has effaced. 

However, to consider these results only in their 
most general form, we are forced to receive them as a 
proof that everything is recent in the production of 
the phenomena which we have just been examining. 
This conviction grows with the number of proofs. 
There are round about the Alps more than six hun- 
dred glaciers ; almost all have moraines^ whose mass 
corresponds with the quantity of matter carried by the 
glacier ; but nowhere is the accumulation of these pro- 
trainees rocheuses n'est pas non plus ^ev^ h, sa valeur 
reeUe, puisque je n'ai compt^ que ce qui est lb la surface, sans 
tenir compte des mat^riaux contenus dans Tint^rieur des glaces. 
Enfip, comme je I'ai dit dans le Chapitre YIII, la vitesse du 
glacier ^valu^ k 60 pieds n'est rien moins que siire, parce 
que mes observations ne sont pas assez multipli^ et u'ont ^t^ 
faites que sur un point En admettant mSme que ces donn^ 
fussent completes, elles ne pourraient prouver qu'une chose, 
savoir, Tdpoque k laquelle la moraine inf^rieure a commence k 
se former; mais avant le fleuve de glace descendant beaucoup 
plus bas, versait probablement les mat^riaux qu'il porte sur 
d'autres moraines que le temps a effaeees. 

Cependant, k ne consid^rer ces r&ultats que dans leur plus 
grande g^n^ralite, on est forc^ de les recevoir comme ime 
preuve que tout est nouveau dans la production des ph^nom^nes 
que nous venons d'examiner. La conviction grandit avec le 
nombre des preuves. II y a autour des Alpes plud de sis 
cents glaciers; presque tons ont des moraines dont la masse 
correspond k la quantity des mat^riaux que charie le glacier; 
mais nulle part Tentassement de ce produit n'est asse2 grand 
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ducts large enough to carry the results of the calculation 
beyond hastoricaJ. times. There are relations between 
the form of the world as it is and the wants of man 
which tend to induce the belief that they go back to 
the same antiquity. The mind which should be dis- 
posed to plunge into imaginary theories as to the 
antiquity of man, will ever be brought low by the 
majestic agreement of nature, history, and revelation. 



CHAPTER XIX 



FLOW OF WATER. 



During the summer, water produced by melting is 
abundant, as it is easy to judge by the growth of the 
rivers which descend from snow-coverSi mountains. 
When we traverse the Glacier des Bois, at the bottom 
of each crevasse we admire a little stream, of fresh 
and limpid water, which appears to flow over a surface 

pour porter les r^sultats du calcul au-deUi des temps his- 
toriques. U y a entre la forme actuelle du monde at les besoins 
de Tnomme des rapports qui tendent & faire croire qu'ils re- 
montent & la mSme antiquity. L'esprit hiunain qui voudrait 
se lancer dans des systSmes imagmaires sur I'antiquit^ de 
rhomme, sera toujours atterr^ par le majestueux accord de 
la nature, de Thistoire at de la r^^tion. 



CHAPITRE XIX. 

^COULEMENT DES EAX7X. 

Pendant T^t^, les aaux de fusion sent abondantas, comma il 
est facile d'an jugar par la crue des rivi&res qui descendent des 
montagnes couvartes da naiges. Quand on parcourt la glacier 
das Bois, on admire au fond de chaque crevasse un petit ruissaau 
d'ima aau limpide at fraicha, qui parait coular sur une surface 
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of emerald. These streams reach the edges of the 
glacier, lose themselves amongst the stones of the 
morainey and imite again beneath the ice at the bottom 
of the hollow which contains it. Other streams reach 
the same destination by the openings which penetrate 
to the bottom of the glacier ; and, lastly, springs and 
waterfalls fall ako upon the baixk of the icy river, and 
take the same direction ; so that we are sure that there 
is a suhterraneoics river which flows beneath the whole 
extent of the glacier, and which comes to light only at 
its lower extremity. It would be curious to know the 
form and height of these vaults, which have never been 
resonant with aught save the roar of the torrent they 
conceal. Without absolutely disregarding the effect of 
central heat, the moist vapours must, as it seems tome, 
rapidly eat away the ice, and indefinitely increase this 
cavity ; still, it may well be that it is not so, inasmuch as 
there have never been, so far as I know, an instance of 
the surface falling in upon the bottom ; but that which 
is not seen on the Glacier des Bois is seen frequently 
enough elsewhere. In a paper published in 1825, M. 
Blanc, Canon of St. Maurice, in the Valais, mentions 
instances of catastrophes of this nature. Speaking of 



d'^meraude. Ces eaux arrivent sur les bords du glacier, se per- 
dent k travers les cailloux de la moraine, et vent se r^unir sous 
les glaces au fond de la cavity qui les contient. D'autres eaux 
y arrivent par les ouvertures qui p^nfetrent jusqu'au fond du 
glacier, et enfin des sources, des cascades tombent aussi sur la 
rive du fleuve glac^ et prennent la mSme direction; de sorte que 
Ton est certain qu'il y a une rivifere souterraiTie qui coole sous 
toute r^tendue du glacier, et qui ne se manifeste qu'd. son ex- 
tr^mit^ infd^rieure. II serait curieux de connaitre la forme et 
r^^vation de ces voiites qui n'ont jamais retenti que du fracas 
du torrent qu'elles cachent. Sans compter poiu: rien Teffet de 
la chaleur centrale, les vapeurs humides devraient ce me semble 
rapidement corroder les glaces et agrandir ind^finiment cette 
cavity ; cependant il faut bien que cela ne soit pas, puisqu'iln'y 
a jamais eu, que je sache, des ^boulements de la surface vers le 
fond ; mais ce qui ne se voit pas au glacier des Bois, se voit 
ailleurs assez fr^uemment. Dans un Mc^moire public en 1825, 
M. Blanc, chanoine de St-Maurice en Yalais, cite des catastro- 



It 
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the glaciers under which there are currents of water, he 
says — " As the vault is commonly very much flattened, 
" and very narrow, when the waters swell it is often 
" attacked all over by this liquid. Settlement is some- 
" times produced thereby, occasioning considerable 
" breaches. It was in this way that an immense breach 
" was formed last year in the glacier of Breney, which 
" has been nearly doubled this summer. 

" These causes of destruction do not exist in places 
" where the glacier rests immediately on the ground. 
" It is also observed that when masses of snow or ice 
" cover up rivers, making a nearly equal thickness over 
" the banks and over the water, it is always over the cur- 
" rent of water that this snow and ice disappear first, and 
often the whole river is exposed, whilst there are still 
upon the banks considerable remains of snow or ice." 
It is astonishing that, after having pointed out facts 
demonstrating so conclusively the power of effecting the 
fusion of ice possessed by water, the author of this 
paper should have written but to contest the efiicacy of 
the means applied by M. Venetz to the destruction 
of a glacier. 

phes de cette nature. En parlant des glaciers sous lesquels il y 
a des courants d'eau, il dit : " Comme la voiite est ordinairement 
" tr^-surbaiss^ et tr&s-dtroite, dans les crues d'eau elle est 
'' souvent atteinte toute enti&re par ce liquide. II s'y produit 
" porfois des affaissements qui ferment des bitches considerables. 
" C'est ainsi qu'il s'est form^ Tan passd au glacier de Breney, 
" une ^norme brfeche qui a 6ti presque double cet 4t6. 

'* Ces causes de destruction n'existent pas dans les endroits 
" oh. le glacier repose imm^iatement sur le sol. Aussi remarque- 
" t-on que quana des amas de neige ou de glace recouvrent des 
" rivieres, en formant sur les bords et sur Teau une dpaisseur k 
" peu pr^ ^ale, c'est toujours sur le courant de Teau que cette 
" neige et cette glace disparaissent d'abord, et souvent toute la 
'' rivL^re est mise k jour tandis qu'il y a encore sur les bords des 
" restes considerables de neige ou de glace." 

II est etonnant qu'apr^ avoir indiqu^ des faits si concluants 
poiur d^montrer le pouvoir dont jouissent les courants d'eau pour 
op^rer la fusion deli glaces, Tauteur de ce M^inoire n'ait ^crit que 
pour contester I'efficacite des moyens appliques par M. Venetz 
i la destruction d'un glacier. 
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CHAPTER XX. 

UTILITY OF GLACIERS. 

The intelligence which beams forth everywhere from 
the works of nature has placed its seal upon the 
glaciers as well as upon the fertile plain which is 
covered with harvest. The whole globe has been 
so arranged in its movements and in its forms as 
to preserve and to reproduce the life that the breath 
of Heaven has dropped into the world. Fire, air, 
and water are, with all organized beings, a primary 
condition of vitality, and the admirable organization 
which is ever reproducing them to meet wants ever 
springing afresh, reflects the Divine thought on created 
thought. The fire which accompanies the orb of day, 
the fire which bursts upon the earth rises to the 
heavenly bodies, and returns to us ; the air, which is 
consumed, is absorbed and re-compounded; the water 
which journeys ceaselessly around the globe, is it not 
the flow and ebb of life ? " Bless the Everlasting who 



CHAPITRE XX. 

UTlLlTlg DES GLACIEBS. 

L'intelligence qui reluit partout k c6t^ des oeuvres de la 
nature, a plac^ son sceau sur les glaciers aussi bien que sur la 
plains fertile qui se couvre de moissons. Le globe entier a 6i6 
dispose dans ses mouvements et dans ses formes de mani^re 6. 
conserver et k reproduire la vie que le souffle divin a laiss^ 
tomber dans le monde. Le feu, Tair et Teau sent pour tous les 
6tres organises une condition premifere de vitality, et Tadmir- 
able combinaison qui les ram^ne toujours pour des besoins qui 
renaissent toujours, r^fldchit la pens^e divine siu: la pensfe 
crd^e. Le feu qui accompagne Tastre du jour, le feu qui jaillit 
sur la terre remonte vers les astres et revient k nous ; Tair qui 
se consume, s'absorbe et se recompose ; Teau qui voyage sans 
cesse autour du globe, n'est-ce pas le flux et le reflux de la vie ? 
'' B^nissons TEtemel qui a suspcndu des amas d'eau au-dessus 
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has upheld the gatherings of the waters above the 
moantains, that by this ordering of His wisdom the 
earth might be watered," Ps. ciii. verse 13. 

If the waters, which rain and the condensation of 
vapour bring down upon the earth, were to set out again 
at once to return into the bosom of the sea, the earth 
would pass suddenly from inundation to drought, and 
would remain often whole months without that element 
with which it cannot di^ense for a single day. The 
Supreme Dispenser has provided for this necessity, and 
springs, rivulets, and rivers, images of His Providence, 
will be ever flowing. Two means have been set to work 
to retain the waters on the high places of the globe, 
and thence to let them flow, with a wise parsimony, so 
that the supply may be suflicient to outlast the dearth. 
The waters l^^khid by min and by the condensation 
of vapour collect in the cavities of the mountains, escape 
by the fissures of the rocks, and take their flow along 
the valleys ; or, again, the waters pour in abundance to 
freeze upon the culminating points of man's dwelling- 
place, and, gently melting through the dry season, 
maintain the springs and the rivera Recent physicists 

des montagnes, afin que par cetie disposition de sa sagesse la 
terre flit arros^/' Ps. 103, vers. 13 (sic). 

Si les eaux que les pluies et la condensation des vapeurs 
apportent sur la terre se remettaient imm^iatement en voyage 
poor rentrer dans le bassin des mers, la terre passerait subite- 
ment de Tinondation k la s^heresse, et resterait souvent des 
mois entiers sans cet ^^ment dent elle ne peut se passer un seul 
jour. Le supreme ordonnateur a pourvu k cette n^essit^, et 
les sources, les raisseaux et les fleuves, images de sa Providence, 
couleront toujours. Deux moyens ont 4i6 mis en ceuvre pour 
retenir les eaux sur les sommiti^ du globe, et de Ik les lalsser 
couler avec une sage pardmonie, afin que les provisions puissent 
suffire k la longueur de la disette. Les eaux des pluies et des 
vapeurs condense se rassemblent dans les cavity des mon- 
tagnes, s'^happent par les fissures des rochers, et vont couler 
le long des vsJl^ ; ou bien encore les eaux courent en abon- 
dance se durcir sur les points culminants de la demeure de 
rhomme, et en se fondant lentement pendant la saison de la 
s^heresse, entretiennent les sources et les riviferes, Des pliysi- 
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have advanced the proposition that rain and the melt- 
ing of snow play scarcely any part at all in the supply of 
springs, and that these are due entirely to the condensa- 
tion of vapour. These cabinet naturaUsts have not be- 
held nature in her own home ; would they come and 
pass some years in our mountains, they would see how 
great is their mistake. There is the place to which 
they ought to come to study all the phenomena 
which are connected with the natural flow of water. 
There is not a mountain which has not at its feet, 
or along its sides, a multitude of springs, to which 
it is in general easy to assign a definite origin. There 
are some which begin to flow some hours after 
rain, and which dry up more or less rapidly in pro- 
portion to their abundance ; there are some which 
flow only during rain, because they have no reservoir to 
collect the waters ; there are some which dry up after 
one, two, or three months of drought, according to the 
capacity of the reservoir which feeds them; but all begin 
to flow afresh only after rain, and they cease precisely 
at the time when the condensation of vapour must be 
most abundant. At the foot of mountains of perpetual 



ciens r^ents ont avanc^ que les pluies et la fonte des neiges 
n'^taient presque pour rien dans Tentretien des sources, et 
qu'elles ^taient dues entiferement k la condensation des vapeurs. 
Ces naturalistes de cabinet n'ont pas vu la nature chez elle; s'ils 
venaient passer quelques ann^s dans nos montagnes, ils 
verraient combien est grande leur erreur. C'est 1^ qu'il faut 
venir pour ^tudier tous les phdnomfenes qui se rattaehent aux 
^coulements naturels des eaux. II n'est pas une montagne qui 
n'ait k ses pieds ou le long de ses flancs une multitude de 
sources dont il est pour Tordmaire facile d'assigner Torigine. II 
en est qui commencent k couler quelques heures apr^s la pluie, 
et qui tarissent plus ou moins rapidement k raison de leur 
abondance ; il en est qui ne coulent que pendant la pluie, parce 
qu'elles n'ont aucun r&ervoir pour rdunir les eaux; il en est 
qui tarissent apr^s un mois, deux mois, trois mois de s^heresse, 
selon la capacity du r&ervoir qui les alimente ; mais toutes ne 
recommencent k couler qu'aprfes les pluies, et leur cessation a lieu 
pr^is^ment dans le temps oil la condensation des vapeurs doit 
Itre plus abondante. Au pied des montagnes de neiges perp^- 

L 
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snow there are many springs which break out only in 
summer time, because they owe their origin, beyond a 
doubt, to the melting of the glaciers. To conclude, we 
have but to see the springs, the torrents, the rivers, 
during the season of heat and drought, to remain con- 
vinced that the glaciers are but the storehouses of fore- 
sight open to meet the wants of organized beings. 
" (Bless the Lord) who sendeth the springs into the 
valleys, which rtm among the hills," Ps. civ. verse 10. 

tuelles il y a beaucoup de sources qui ne jaillissent que pendant 
r^t^, parce qu'elles doivent infailliblement leur origins k la fonte 
des glaciers. Enfin, il suffit de voir les sources, les torrents, les 
rivi&res pendant la saison dea chaleurs et des s^heresses, pour 
rester convaincu que les glaciers ne sent que des magasins de 
pr^voyance ouverts aux besoins des fitres organist. " (B^nissons 
I'Etemel) qui a ordonn^ aux sources de couler au fond des 
vall^s, et qui a prolong^ leurs cours entre les sinuosity des 
montagnes. Ps. 103, vers. 11 (sic). 

FIN. 



FORBES AND DR. TYNDALL.^^ 



[Introductory Note. When Dr. Tyndall's Article t 
appeared in the Contemporary Review for August last, 
several of those whom its contents affected were so 
distant that communication with them would have en* 
tailed very considerable delay. Lest the public should 
interpret such delay as an acknowledgment of inability 
to answer that Article (which was soon issued as a 
Pamphlet), Professor Tait wrote to Nature a short reply, 
which, by the courtesy of the Editor, was allowed to 
appear in that journal on September 11th. The con- 
tents of that reply need not be referred to for the 
moment, since the more important of them will presently 
be given at greater length. In the next number of 
Nature (September 18th) appeared a letter from Dr. 
Tyndall, containing little to the point beyond a number 
of assertions and negations, altogether unaccompanied 
by evidence to support them. Some of these we will 
consider along with his Article. So far, then, the case 
still stands open, nearly as it stood on August 1st ; but 
there is one point of some little consequence, which 
requires a word or two. The Editor of Nature, in his 
impartiality, while complaining of being virtually forced 
to publish certain expressions of Dr. TyndaU's (two of 
the less characteristic of which have been since re- 

* Written (by arrangement loith thePuhlisherJ for the *' Contemporary JReviev^' 
of November 187S ; but, after Jiaving been put in type and corrected for press, 
considered unsuitable for %ts pa^es by tJie Editor of tliat Journal, 

t Principal Forbes and his BiograpJiers. 
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published with a view to their withdrawal) remarked 
that he had, " in the exercise of his undoubted editorial 
rights, struck out" from Professor Tait's letter "the 
equivalents'* of such expressions. Considerable curi- 
osity has since been manifested as to the nature of 
these *' equivalents ;" and we therefore print here, in 
its original form, ike single clause of Professor Tait's 
letter which the Editor of Nature considered himself 
called upon to modify, and which he accordingly toned 
down, while giving the rest in its integrity. The clause 
was as follows : — " which, coming as it does from an 
'' Author who, in the same work, treats of the relative 
merits of such giants as Young and Fresnel, exhibits 
an amount of ignorance and inaccuracy almost 
" inconceivable." This was prefixed to an extract from 
Dr. Tyndall's most recent popular scientific work ; an 
extract given (not, as Dr. Tyndall says, "in mere 
*' ignoble spite," but lawfully and logically) for the pur- 
pose of showing that too much weight ought not, 
without careful consideration, to be assigned to 
statements made by Dr. Tyndall on a scientific sub- 
ject : — such as, for instance, some of the points at issue 
in the present discussion, in so far, at least, as it relates 
to glaciers and their theory. 

But, just as we write, another actor has appeared 
upon the scene : — and with tremendous effect. The 
terrible words of Mr. Kuskin (Fors Clavigera, Letter 
34)* with regard to Dr. Tyndall and his Forms of Water ^ 
will reach myriads of intelligent readers besides those 
who could otherwise be expected to interest themselves 
in a question involving (however remotely) scientific 
issues. Mr. Kuskin's admirable command of language, 
his clearness, impartiality, acuteness, and his exemplary 
firmness in declaring truth and doing justice, leave 
nothing to be desired. 

Our excuse for in any way seeming to interfere 
with the welcome operations of so imexpected and so 
powerful an ally must be ; first, that we have been p'er- 
sonally attacked, and so have to defend ourselves as 

* Eeprinted in this work. — Ed. 
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well as Forbes : second, that Fors Chmgera deals more 
fully with the moral than with the historical and 
scientific aspect of the question, while it is the latter 
aspect to which mainly we address ourselves. Its 
publication has, however, materially simplified our 
present task, inasmuch as it has rendered it quite un- 
necessary for us to refer further to Dr. Tyndall's 
obvious inconsistencies as to the class of persons whom 
he selects as an audience for his discussions of disputed 
points in science, and for his judgments of the relative 
merits of scientific men. It spares us also, to a great 
extent, the necessity for further allusion to the strange 
sayings and doings of M. Agassiz, for it has most sum- 
marily and effectually disposed of him and all his claims, 
in so far as they have any reference to Forbes, 

Relieved of these burdens, we need not spend much 
time on what remains for us to do.] 

For precision's sake, in answering Dr. TyndaU, we 
will arrange our remarks under the following heads : — 

I. Were we justified in regarding Dr. Tyndall's 
Forms of Water as " reiterating " charges formerly made 
against Forbes ? 

II. Were we not, in consequence, bound to do some- 
thing ; and could we have done less than we did ? 

III. What we did do, and in what spirit we did it. 

IV. Short account of the manner and matter of the 
controversy. 

V. Analysis of Forbes' Reply, with remarks on some 
of Dr. Tyndall's comments and explanations. 

VI. Dr. Tyndall's Article. 

These we proceed to consider in order. 

I. Were we justified in regarding Dr. TyndalVs 
Forms of Water as reiterating charges formerly made 
against Forbes ? 

Dr. Tyndall expresses astonishment that we should 
so regard the " blameless advent " of his " innocent," 
" modest," " unpretending," " boy's book of the 
" glaciers." Well : — in the very first notice of it which 
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we saw (Nature^ March 27th, 1873), the reviewer 
(while otherwise, on the whole, commending the work) 
concluded by saying : — 

" But surely it was not necessary to rake up again 
*' the Forbes-Kendu controversy, nor to renew the 
" claims of Agassiz and Guyot." 

Mr. Kuskin has recently expressed still more dis- 
tinct convictions on the subject, so that we are by no 
means alone in our misunderstanding of Dr. Tyndall's 
intentions. Besides, Dr. Tyndall in part admits the 
charge himself. He a«ks Principal ShairfH- 

*' Would it not have been, in a worldly sense, nobler 
" . . . to have suffered a little wrong . . . ? " 

But, to let the reader judge for himself, we make a 
couple of short extracts (whose purport is in no way 
modified by the context) from the Forms of Water. 

" Had he [Rendu] added to his other endowments 
the practical skill of a land surveyor, he would now 
be regarded as the prince of glacialists.*' 
*' I am here obliged to state facts in their historic 
sequence. Professor Forbes, when he began his 
investigations, was acquainted with the labours of 
" Rendu. In his earliest works upon the Alps he 
" refers to those labours in terms of flattering recogni- 
" tion. But though, as a matter of fact, Rendu's ideas 
" were there to prompt him, it would be too much to 
" say that he needed their inspiration." 

Put these two passages into straightforward EngUsh, 
and they amount to this, — ^that Forbes, having the 
accomplishments of a land surveyor, and being ac- 
quainted with Rendu's work, put this and that together, 
and appropriated the discovery. 

That this is Dr. Tyndall's meaning appears from his 
Article itself ; for he says — 

" He [Professor Forbes] was, I gather from the Life^ 
" acquainted with the use of surveying instruments ; 
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" and knowing roughly the annual rate of glacier 
" motion, he would also know that, through the pre- 
'^ cision attainable with a theodolite, a gingle day's — 
" probably a single hour's — amotion, especially in sum- 
" mer, must be discernible." 

On this passage we need only remark (1.) That no 
one had occasion to know better than Dr. Tyndall, 
long before the Life was published, how perfectly 
Forbes was acquainted with the use of surveyihg in- 
struments ; (2.) That the notion of detecting the hourly 
motion of a glacier was, and still is, one of Forbes' 
highest claims in this whole matter j for the idea, 
obvious as Dr. Tyndall now considers it, was in 1842 
regarded by scientific men as novel and startling in 
the extreme. See, for instance, M. Studer s letter 
(Life of ForheSj p. 496). It was a very great, and per- 
lectly original, discovery that the motion is continuous 
at all. Witness the favour in which the Dilatation 
theory was held. 

In Forbes' Reply of 1860, he had minutely informed 
Dr. Tyndall of the nature and amount of his know- 
ledge of Rendu's work, when he made his measure- 
ments in 1842. Dr. Tyndall deliberately ignores 
Forbes' plain statement of facts, and gives, in the 
second of the short extracts above, a version, of which 
it is not too much to say that it is utterly inconsistent 
with them. Is not this a serious personal charge 
against Forbes ? Yet Dr. Tyndall says in hisi 
Article : — 

'^ . . . while placing the Bishop in the position 
*' he merited, I went out of my way to point out that 
" in all probability Principal Forbes require^ no such 
" antecedent." 

Here, again, while claiming credit for taking trouble 
in Forbes' behalf. Dr. Tyndall repeats his insinuation 
in a form, if possible, more than ever calculated to 
ofiend. He seems to have endeavoured, so far as in 
him lay, to throw into the shade even M. Desor, who 
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at his best, never advanced farther than saying {Ex- 
cursions et Scours aux Alpes, p. 444) : — 

"... [Forbes] a rediscovered, aprfes M. Rendu, 
" que la glace des glaciers a un haut degr^ de plasti- 
" cit6, et pour peu qu'il continue k s occuper des 
glaciers, nous ne d^sesp^rons pas de le voir redis- 
cover encore bien d'autres choses 6galement inatten- 
" dues. Quel dommage que notre langue n'ait pas un 
terme pour une innovation aussi remarquable ! '' 






tc 



There are many passages of Dr. Tyndall's book, be- 
sides the two we have quoted above, which, more or 
less vaguely, sometimes by commission, sometimes by 
omission, insinuate charges against Principal Forbes. 
Such are, for instance, those concerning the use of the 
theodolite in glacier measurements. But it is not ne- 
cessary to consider them farther. We have given 
enough of these "reiterated charges" to prove our case 
in full against the Forms of Water. 

Yet, Dr. Tyndall, in his most impressive manner, 
says : — 



it 



^ I therefore avoided all allusion to those sore per- 
" sonal dissensions {sic) which, to the detriment of 

science and of men, had begun fifteen years prior to 

my connection with the glaciers, and which have been 
" unhappily continued to the present time." 

"... in writing my book I had no notion of 
" rekindling an extinct fire, or of treating with any- 
" thing but tenderness the memory of his [Principal 
" Shairp's] friend:" 

" Thus the attitude of a controversialist is once more 
" forced upon me." 

And finally — 

" I think it on every account deplorable that this 
" controversy should have been revived." 

After what we have above proved, our only comment 
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on these passages is the very old, but never trite, Une 
of Juvenal : — 

" Quis tulerit Gracchos de seditione querentes ? " 

II. Were we not, in consequencey hound to do some- 
thing ; and could we have done less than we did ? 

To the first part of this question it would be im- 
possible to reply otherwise than in the affirmative. 
Not to have taken notice of charges publicly made, at* 
the very time that the Life was about to be published, 
would have been tantamount to, either (1.) Tacitly 
admitting that they were well founded and irrefragable ; 
or (2.) Tacitly asserting that Dr. Tyndall's statements 
were not worthy of our notice, or of the trouble of 
answering them. The former alternative was, of 
course, absurd ; and we fear that, much as the course 
we have taken has irritated Dr. Tyndall, the latter 
alternative would have irritated him still more. 

To the second part of the question a somewhat more 
detailed answer is necessary, a^ Dr. Tyndall, in his 
Article, has gone out of his way to impute motives, and 
in so doing, to drag in matters which would seem to 
most people to have little to do with the question. It 
is quite true, as Dr. Tyndall reminds the public, that 
some ten years ago he was involved in a controversy 
with Sir William Thomson (who was originally 
announced by Mr. Macmillan as one of Forbes' Bio- 
graphers) and Professor Tait ; and that further, as he 
thinks it right to inform the public, "hostilities had 
honourably ceased," &c. But what has all this to do 
with our duty as biographers of Forbes ? Does Dr. 
Tyndall imagine that a reconciliation, after a contro- 
versy, in which all the argument was on one side, while 
all the strong language and the verbosity were ranged 
on the other, is to shut for ever the mouths, both of 
victors and of vanquished, as regards criticism of one 
another's writings? From what he says one might 
almost be led to fancy that he acted on the feeling that, 
Forbes being dead, and a reconciliation of Forbes' 
(scientific) biographers with himself having been 
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effected, he might safely re-open his injurious charges ! 
And he is incautious enough to add the following 
sentence, which might be interpreted as strongly sup- 
porting (by the words which we have italicised), such 
an hypothesis : — 

'* . . . thq fire was not extinct ; the anger of 
" former combats, which I thought spent , was still poten- 
'* tial, and my little book was but the finger which pulled 
" the trigger of an already loaded gun." 

Since these matters have been alluded to, it is well that 
the description of them should at least be made accurate; 
and, therefore, we may inform the public that if they will 
take the trouble to read the details of the " combats " 
referred to, which will be found in the Philosophical 
Magazine for 1863-4, they will perhaps be surprised to 
see that all the " anger" was, with the strong language, 
on one side ; while recent events have shown that on 
that side it still occasionally manifests itself. 

III. What ive did do, and in what spirit we did it. 

(a.) Principal Shairp's and Mr. Adams-Reilly's por- 
tions of the Life were printed off befiare Dr. Tyndall's 
work was published. There can, therefore, be no ques- 
tion as to these : further than the general one, whether, 
in writing them, the authors avoided as far as possible 
introducing controversial matter little relevant to their 
main object — the production of a consistent and intel- 
ligible biography. 

In a letter to Nature (May 29th, 1873) Principal 
Shairp says :- 

" . . .it was the desire of the biographers to 
'* exclude, as much as possible, all controversial matters, 
" not from any doubt as to the justice of Forbes' 
'' claims as a glacier discoverer, but in order, as far as 
" might be, to avoid strife. If they have not succeeded 
" in doing so as completely as they wished, this has not 
" been their fault. When the book was almost through 
" the press, they found themselves, by the appearance 
" of Professor Tyndall's work on the ' Forms of Water,' 
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" constrained to depart somewhat from their original 
" intention, and to include two statements which 
'' Forbes had written on the subject of his glacier dis- 
" covery, and which are now to be found in Appendix 
" A and Appendix B of his ' Life.' These contain the 
" gist of the whole question, as far as Forbes was 
" concerned. Neither the one nor the other has ever 
" yet been refuted in any point." 

(&.) In his Preface Principal Shairp introduces the 
subject in the following words. : — 

" With these remarks this Preface might have ended. 
" It had been our hope that we might have been allowed 
" to tell our story, without reverting to controversies 
" which, we had thought, had been long since ex- 
** tinguished. But after most of these sheets- were in 
" the press, a book appeared, in which many of the old 
" charges against Principal Forbes, in the matter of the 
" glaciers, were, if not openly repeated, at least not 
" obscurely indicated. Neither the interests of truth, 
*' nor justice to the dead, could suflfer such remarks to 
" pass unchallenged. How it has been thought best 
** for the present to meet them I must leave my friend 
" and fellow-labourer, Professor Tait, to tell. Without 
" pretending to judge of the details of controverted 
'^ questions, which belong to a field of study with which 
" I am unfamiliar, I desire here to express the absolute 
" faith which I, in common with all who really knew 
*' Forbes, have in his scrupulous and chivalrous honour, 
" as well in every other matter, as in doing justice to 
" the claims of previous discoverers. Since the subject 
*' has been re-opened, it is well that it should be sifted 
" to the bottom. The claims of Forbes we will [then] 
'* gladly leave to the verdict of those who are competent 
" and impartial judges, in full confidence that — 

*' * Whatever record leap to light, 
He never shall be shamed. 

On this Dr. .Tyndall comments as follows : — 

" That modest volume [Forms of Water'] has, we are 
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" informed, caused an uncontemplated addition to be 
" made to the Life. ..." 

" There is, I submit, no colour of reason in such a 
" complaint, and it would never, I am persuaded, have 
" been made had not Principal Shairp and his col- 
'* leagues foimd themselves in possession of a document 
" which, though published a dozen years ago by 
" Principal Forbes, was never answered by me, and 
" which, in the belief that I am unable to answer it, 
'^ is now reproduced for my confutation." 

From these two passages we learn that Dr. Tyndall 
considers that we had determined beforehand to reprint 
Forbes' crushing Reply, and that we seized upon his 
Forms of Water as a welcome, though a totally inade- 
quate, excuse for doing so. To this we simply give a 
flat denial : though, when accusations of this kind are 
flimg about without even the semblance of a justifi- 
cation, it is perhaps best to leave them unnoticed. 

(c.) We have already shown that Dr. Tyndall has, 
unwittingly he would make it appear, reiterated some 
of his charges against Forbes. It was necessary that 
he should be answered, and we foimd it simpler and 
easier, while we thought it more just to the accused, to 
reprint Forbes' own defence of himself, than to work 
into sheets ready for " press " a thread of incongruous 
and unpleasant material. Professor Tait's Chapters, 
therefore, stand as they were written ; that is, with the 
barest possible mention of the fact that such contro- 
versies had been, and about what ; and they give what 
we still consider to be an impartial (certainly not a too 
favourable) account and estimate of Forbes' services to 
science. 

The following words were added by Professor Tait 
to his already finished chapters : — 

" A popular work, the Forms of Water, do., just 
" pubUshed by Dr. Tyndall, reiterates an estimate of the 
" actual and relative originality, extent, and value of 
" Forbes' contributions to the theory of glaciers, so ut- 
" terly different from that contained in the preceding 
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« chapter as to render it impe,.tiyely necessary for me 
" to make a few additional remarks. I believe the 
" question to be one entirely of facts, not of opinions : 
" and I feel assured that the work referred to would 
" have elicited a prompt reply from Forbes had he lived 
'' to see it. 

" In proof of the general correctness of the view I 
" have taken above, and as the only approximation now 
" possible to the answer Forbes would probably have 
" given, I have reprinted (in the form of Appendices 
'^ A. and B. below), two most masterly papers of his, 
'* which unfortunately had not a very wide circulation : 
" but which minutely detail his relations to Rendu on 

the one hand, and to Guyot and Agassiz on the other. 

Though the first of these has been published for 
" twelve years, and the second for thirty, no attempt 
*' has ever been made to controvert or to answer either. 

" Till it is shown that these papers, along with 
" others from which extracts have been made above, 
" are not the work of Forbes, in whose character un- 
" swerving rectitude was the grandest feature, I shall 
" continue to receive their contents as facts. From 
'' these facts no conclusions are possible but those 
" drawn in the preceding chapter." 

Surely nothing could be more brief or more temperate, 
considering the work on which the writer had been 
engaged, and the way in which he found the old charges 
repeated, twelve years after they had been refuted, and 
four years after Forbes' death. 

In Professor Tait's letter to Nature, above referred 
to, he thus speaks of his own portions of the work :— 

" I shall be obliged by Dr. Tyndall's pointing out to 
" me a single expression, in that part of Forbes' Life 
" which was written by me, which is calculated to give 
" him the slightest offence : — with the one exception of 
" a letter from Forbes, which was specially written for 
'' pubUcation : and which, for Forbes' own sake, I would 
" rather not have pubUshed. No doubt, he may be 
^* annoyed by my saying that little has since been 
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" added to the observations made by Forbes on gla- 
" ciers. That is a matter of opinion. I do not think 
" that Dr. Tyndall has made any addition of conse- 
" quence to our knowledge of glaciers, and I am sup- 
" ported in this belief by many of the very highest 
" authorities. But this is no charge against Dr. Tyndall. 

The rupture of the truce, or /peace,' 
whatever that may be, was the work of Dr. Tyndall 
" himself — ^partly by his Forms of Water, &c., mainly 
" by his article in the Contemporary Review'^ 

Professor Tait thus emphatically proves that he had 
no share in the rupture of the " peace ;" although, as we 
have seen, it would be utterly unreasonable to expect 
that any such transaction could stand in the way of 
one's defence of an admired friend and instructor agamst 
the repetition, after his death, of charges which in his 
lifetime he had conclusively refuted. 



IV. Short account of the manner and matter of the 
controversy. 

Possibly Dr. Tyndall himself may not be able to 
state precisely either the date of origin, or the cause, 
of his obvious grudge against Principal Forbes. It 
existed, in full bud at least, as early as 1854, as may 
be seen by reference to the Philosophical Transax^tions of 
that year. The tone of Dr. Tyndall's communication 
there printed (about Forbes' speculations on the Tre- 
vdyan Experiment) is such as could not possibly be used 
except with regard to a man with whom the author 
felt it was hopeless to expect ever to be on terms of the 
slightest acquaintance. In that paper, as in everything 
else which he has since written about Forbes, Dr. 
Tyndall has exhibited extremely great skill in choosing 
precisely such forms of language, besides occasional 
. charges of such a nature, and made in such a manner, 
as were calculated to produce the most exquisite pos- 
sible torture in the mind of a scrupulously upright and 
high-souled man. As Forbes truly says of one of these 
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charges, with dignity thoroughly preserved under ut- 
terly unmerited accusations : — 

" Now, an allegation that an author or observer has 
" suppressed his knowledge of the antecedent labours of 
" others in the same field, that he has even omitted 
" some facts, while he claims credit for candour by 
" citing others of less importance, or which bear less 
" directly upon his own claims to their discovery : — 
" such an allegation, I say, is an odious one, whether 
" made explicitly or by inevitable implication. It re- 
*' quires to be openly met by the person whose 
'* chg^racter is really in question much more than his 
'^ originality." 

It is with reference to this charge, amongst others, 
that Dr. Tyndall actually says : — 

" My critics, however, do not seem to understand 
'^ that for the sake of higher occupations statements 
" may be allowed to pass unchallenged which, were 
'^ their refutation worth the necessary time, might be 
'' blown in shreds to the winds. Of this precise charac- 
" ter, I apprehend, are the accusations contained in the 
*^ re-published essay of Principal Forbes, which his 
" friends, professing to know what he would have done 
'* were he alive, now challenge me to meet." 

And he adds that he '^ avoids all imitation of the 
" depreciatory and even sneering tone with which 
" [Forbes'] essay opens "! 

An able writer in the Alpine Journal (August 1 873) 
has taken a view of the case which is likely to enlist 
considerably more sympathy than Dr. Tyndall's view. 
He says : — 

" It is difficult to suppose that imputations affecting 
*' personal honour would be so lightly made as they 
" often are, if their authors realised the exquisite pain 
" they are calculated to give to men of high and generous 
" natures. It is a great mistake to suppose that the 
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*^ mere consciousness of innocence is, or ought to be, 
" enough to render them innocuous. The more finely 
" organised the moral nature, the more keenly sensitive 
*' it often is to undeserved reproach. A security, by 
" no means the least, for the maintenance of high 
*' character, is a jealous care for an unspotted reputa- 
" tion. It will be an ill day for the world, when names 
'' of discredit can be flung about and glide, like water 
" from a duck's back, unheeded and unfelt by those at 
*' whom they are hurled, and when a sensitiveness to 
" assaults upon personal integrity shall come to be re- 
" garded as a weakness, or held to imply a consciousness 
*' that they are in some degree deserved. To those who 
'' knew Forbes well, it seems a contradiction in terms 
*^ to couple his name with the thought of scientific 
*' plagiarism, or anything else that is mean or dis- 
" honourable ; but we lay no stress upon any such con- 
" sideration in the present case ; the position of Forbes 
" is impregnable upon the merits and the evidence, and 
'' needs no aid from witnesses to character." 

So much for the manner of Dr. Tyndall's treatment 
of Forbes, in passing from which we may quote the 
following extremely true, as well as apposite, words, 
especially as they are from the pen of Dr. Tyndall himr 
self (Philosophical Magazine, 1864, II.) 

" . . . though there is a dignity in silence when 
" exercised at the proper time and in the proper way, 
" it is not dignity, nor even manliness, as defined in 
" England, that permits a man to make an unwarranted 
" accusation, and prevents him from retracting it after 
" its injustice has been exposed." 

The matter of the treatment may be put shortly, as 
follows. Dr. Tyndall, having previously read Forbes* 
writings, went to examine the Swiss glaciers, with the 
view of endeavouring to account for their veined struc- 
ture by something analogous to the explanation of slaty- 
cleavage given by Sharpe and Sorby. The idea of this 
analogy, we may parenthetically remark, was expressed 
by Forbes at a very early period of his glacier investi- 
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gations. Dr. Tyndall's observations led him to form a 
theory of glacier motion, partially based upon a then 
imperfectly understood experiment of Faraday. To 
this theory he gave the name of Fracture and Regela- 
tion (a singular example of something akin to what 
logicians call a Cross Division) ; and Forbes writes, on 
its first appearance, as follows : — 

" I had already read, rather cursorily, the account 
" of Dr. Tyndall's Lecture. . . . Altogether, it 
" seemed like Thomson's view and mine, stereoscopically 
" arranged, and illuminated by the Electric Light." 

In order to show that this was something difierent 
(in more than name) from the Viscous theory of Forbes, 
Dr. Tyndall had often " to wrangle resolutely with the 
facts" ; and also to raise, about the meaning of the 
word viscosity, a discussion, for an estimate of which 
we must refer the reader to Mr. Ruskin's letter. As he 
became better acquainted with all that Forbes had done 
(especially after the publication of the Occasional 
Papers, the Preface to which is a most particularly re- 
markable and valuable document). Dr. Tyndall found 
less and less difference between his own theory and 
that of Forbes ; and so at last it came about that a 
keen and well informed onlooker, the late Dr. Whewell, 
wrote (in 1869) to Forbes : — 

" In the meantime you see that your discoveries have 
" passed from the stage when people say they are not 
'* true, to the next stage, when people say they are not 
" new ; and the truth of your theory is allowed." 

This was written about the period when Dr. Tyndall 
*' discovered," in Rendu s work, those passages of so 
" much greater importance " than those quoted by 
Forbes. 

Speaking of the various (then) recent attacks which 
had been made on Forbes and his theory, especially in 
Reviews and Journals, M. Studer writes to him in 
1863 :— 

" En tout cas, ces misdrables attaques ne serviront 
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" qu'^ rappeler vos grands et reconnus m^rites k un 
" public qui, de nos jours oil tout se presse, oublie 
" trop vite." 

We need not lengthen out this brief notice of an in- 
stance of what occurs in all mundane aflFairs frequently 
enough to have but little interest except to the actors, 
fortunately not frequently enough to become common- 
place. Ail we need do, to conclude effectively this por- 
tion of our article, is to put beside one another two 
quotations from the Forms of Water, the first of which, 
in spite of the introductory phrase, we have had to 
correct (as shown by the square brackets) by altogether 
changing one important word, and by inserting two 
others. 

" 406. The theory advocated by Professor Forbes 
was enunciated by himself in these words : — ' A 
'glacier is an imperfect fluid, or [a] viscous body, which 
' IS urged down slopes of [a] certain inclination by the 
*' 'natural fjnutual] pressure of its parts.' " 

" 424. The gist of the Regelation Theory is that 
" the ice of glaciers changes its form and preserves its 
'' continuity under pressure which keeps its particles 
" together. But when subjected to tension, sooner than 
'' stretch, it breaks, and behaves no longer as a viscous 
" body." 

Mr. Ruskin says ; — 

" Professor Tyndall knew perfectly well that Forbes 
*' was aware of the difference between ice and glue, 
'' without any need for experiments on them at the 
*' Royal Institution." 

On the copy of the Forms of Water from which we have 
just made extracts, we find the following pencil note : — 

" It appears, then, that the addition made by Dr. 
'' Tyndall to Forbes' theory is that ice cracks under 
*' tension sufiicient to crack it I" 

The attack to which Forbes' Reply is an answer was 
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contained mainly in Dr. Tyndall's Gldciet^s of the Alps, 
published in 1859. Forbes complains, with what 
justice we shall presently see, that both his work and 
that of Rendu are misrepresented by Dr. Tyndall ; the 
merits of the one being as far as possible minimised, 
while its slightest slips are held up as grave blunders ; 
the other having the advantage of a treatment which 
exalts even its barest guesses into matters of high 
scientific value, and leaves its numerous inaccuracies, 
and even blunders, unnoticed. 

Though no one would gather it from Dr. Tyndall's 
Article, this is one of the main points of the Reply ^ the 
other being a refutation of the charge that Forbes had 
not done justice to Rendu ; but the Reply happens to 
contain also some countercharges (almost or altogether 
independent of the other portions) against Dr. Tyndall. 
It is to these, almost to these alone, that Dr. Tyndall 
has confined himself in the August number of this 
Review. Thus, his article cannot be considered as, in 
any sense whatever, an answer to Forbes' masterly docu- 
ment, of the contents of which we proceed to give an 
account. 

V. Analysis of Forbes' Reply,* with remarks on some 
of Dr. TyndalVs comments and explanations. 

As this document is a long one, because thoroughly 
exhaustive in its treatment, it is to be feared that few, 
except those most interested, have taken the trouble to 
read it through with care; especially as its cold, rigorous, 
logic is in such direct contrast to the easy, because 
reckless, flow of, for the most part, unsupported assertion 
which is one distinguishing feature of the argument (I) 
on the other side. 

Though, as we saw above. Dr. Tyndall has spoken 
of its " depreciatory and even sneering tone," though 
he says " it was obviously written under feelings of 
" great irritation," and though (we may parenthetically 
allow) it was certainly written in consequence of per- 
sistent and unmerited misrepresentation, amounting 

* Beprinted as Appendix A. in the L^e of Forbes. — ^Ed. 
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almost to persecution, the unbiassed reader will find in 
it no undignified word— nothing that the writer could 
by possibility have wished to modify or retract had he 
been now alive to defend himself. We regret that 
considerations of space render it impossible to do justice 
to it here by giving such full extracts as would be 
desirable, but we recommend every one who wishes to 
form for himself an opinion on the merits of this ques- 
tion, to read it carefully through; to compare it in its 
cahnness, its dignity, its thoroughness, its completeness 
of proof for every assertion, and its obvious straight- 
forwardness and single-mindedness, with anything and 
everything that has been written on the other side. 
If readers could only be induced to do this, Forbes 
would need no defenders. 

Forbes begins by referring to Dr. Tyndall's various 
Lectures and Papers upon glaciers from 1866. 

" I could not fail,'' he says, '* to observe that Pro- 
" fessor Tyndall, in the warmth of pursuit incident to 
" a new inquiry, had not, in the first instance, ap- 
*' prehended the full import of what had been done 
'* or asserted by me, and that he, not unnaturally, 
" attached great, and I might think undue, importance 
'' to the observations which two or three brief, though 
'' actively employed, visits to the glaciers had enabled 
" him to make. Perhaps I also thought that Professor 
" Tyndall unnecessarily enhanced the distinctions which 
" he conceived to exist between his views and my own, 
'' even where he had adequately studied the latter." 

How true all this is, and how clearly Principal 
Forbes apprehended the nature of the attack which was 
in preparation, will appear presently. There is, how- 
ever, no " sneer" here, nothing but an intimation, of the 
most delicate yet most unmistakable kind, that the 
tactics of his adversary had been seen through. 

" Perhaps I should not have thought myself war- 
'* ranted in now departing from my previous course 
'^ [steadily avoiding controversy] in this matter, but 
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*' should have left any outstanding differences between 
Professor Tyndall and myself to be calmly decided 
by an impartial public, had it not been for one section 
" of his new work, which is headed RendvJs Theory. 

" In the course of these few pages, Professor 
" Tyndall conveys to his reader the apprehension that 
" the memoir of Monseigneur Rendu on the Glaciers 
" of Savoy has been almost entirely overlooked by 
" English writers and readers on this subject : that the 
*' descriptions of it have been inaccurate and even 
" deceptive, the extracts partial and not characteristic, 
'' so that when, after several years of study of the 
" science of glaciers, his own attention was distinctly 
'* called by a Swiss friend to Bishop Rendu's work, he 
'' was surprised to find evidence of extensive knowledge, 
" close and accurate reasoning, and an extraordinary 
" faculty of observation ; together with a constant effort 
" after quantitative accuracy, and 'a presentiment con- 
" *ceming things as yet untouched by experiment which 
" 'belongs only to the higher class of minds/ Nor was 
*' he less struck to find that the memoir contained pas- 
sages of * cardinal import' which previous writers had 
' overlooked,' and that it should devolve on himself 
'' to call attention to them * nearly twenty years after 
'their publication.' " 

*' Whether these merits of Bishop Rendu had really 
been overlooked, as is here supposed — ^how far the 
" statements of ' cardinal import' referred to had been 
" knowingly or otherwise allowed to pass into forget- 
" fulness,*' and required to be revived after twenty years' 
" oblivion — I will presently endeavour to show. But 
" I must first state why I feel my credit involved in 
*' these allegations, so as to induce me to withdraw from 
'* the neutral attitude which I have generally adopted 
'* towards Professor Tyndall's criticisms." 

Next comes his clear summary of Dr. Tyndall's in- 
sinuations against his honesty in the matter of quotation 
from Rendu. We have seen above how he speaks of 
this "odious" allegation : and we may show, in passing, 
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by a short extract (from a letter of 1859) the opinion of 
Sir William Thomson. He says : — 



it 



I cannot find words strong enough to express the 
indignation I feel that such a charge as having Mone 
'scant justice to Rendu' should have been made 

" against Professor Forbes. Nothing could be more 

" untrue. . . ." 

Forbes next makes a few remarks on historical criti- 
cism in scientific matters^ showing how the history of 
science would be made a maze of mingled truth and 
fiction if mere isolated qiwtations were to be taken as 
expressing an author's opinion on, or knowledge of, 
a subject. 

" Professor Tyndall has treated Rendu's happy sug- 
" gestions in this spirit, and consequently claims for him 
'* the parentage of every idea which, thrown out by him, 
" has since been proved to be true, while he casts a veil 
over his less fortunate conjectures. 
*' He has treated my writings in precisely an oppo- 
site spirit. . He forgets that when my labours com- 
" menced I found no single precise or quantitative Jhct 
" respecting glaciers established in a reliable manner, 
" and that the whole weight of scientific authority was 
" then ranged on the side of one or other of two theories 
" of glacier motion, neither of which is now considered 
" worth refuting. As an example of the minuteness 
" of Professor Tyndall's criticism when my Travels in 
" the A Ips are concerned, he has thought it worth while 
" to signalise three times, in as many different publica- 
** tions, the venial error of the True North being set 
" off on the compass-card of my Map of the Mer de 
*' Glace on the wrong side of the Magnetic North, ac- 
*' cording to which (as it is stated in the text) the map 
** has been laid down. [The magnetic variation is also 
correctly stated in the text (p. 123, 1st edit.) at 19° 
W.] Yet he allows that the error was corrected by 
" myself nearly ten years before he had any chance of 
" detecting it. 
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Principal Forbes then proceeds to the other part of 
the main work of his Reply. He divides it into two 
heads, briefly summed up in the following queries : — 

1. Whether the character given by me of Rendu 
and his theory was so indefinite as to leave it to 
^^ Professor Tyndall to proclaim his merit for the first 
" time. 

'' 2. Whether my citations from Rendu were not only 
" different, from those made by Professor Tyndall, but 
" whether they omitted matter of much greater import- 
" ance than they included, and, by suppression, were 
'* calculated to mislead." 

To these he adds a countercharge in the form of a 
third query ; and the reader is requested particularly 
to remark that it is to this issue alone that Dr. 
Tyndall attempts to reply. 

" 3. Whether the context of the passages cited by 
" Professor Tyndall from my work, and from that of 
" Rendu, does not afiect or modify their significance." 

The passages cited by Dr. Tyndall from Rendu are 
alluded to in what follows as the First and Second 
Extract. They are given in pp. 186, 189, below. 

No. 1 of the above queries is exhaustively treated, 
and its discussion involves, amongst other matters of 
especial value as concerns the present controversy, that 
minutely detailed account of the difficulties Forbes 
encountered in endeavouring to procure the work of 
Rendu, to which we alluded in our first section. The 
whole passage is much too long for our pages, and to 
make extracts from so compact and connected a piece 
of argument would be only to weaken it. Suffice it to 
say that it completely and triumphantly answers query 
No. 1, above, in the negative : and that Dr. Tyndall is 
probably of this opinion, for, with the exception of his 
insinuation that Forbes was acquainted with Rendu's 
work in 1842 (an insinuation here shown to be utterly 
baseless), he has conveniently left this portion of the 
Reply altogether unnoticed. 
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No. 2 is very easily answered, also in the negative. 
Principal Forbes has already, in discussing No. 1, col- 
lected all his numerous and telling quotations from 
Rendu's work, and many of his allusions to its contents : 
and when we compare with these the " others of much 
" greater importance, which have hitherto remained un- 
" known in this country " and which Dr. Tyndall claims 
to have " discovered," it is certainly not at all obvious 
in what the greater importance consists. So little, in- 
deed, is it obvious that even now, with the benefit of all 
Dr. Tyndall's further explanations, we do not see it. 
Perhaps Dr. Tyndall, should he again revert to this 
subject, may condescend to point out to what he refers. 

Forbes, feeling the same difficulty, was obliged to 
make this portion of his Reply much longer than the 
importance of the passages quoted would seem to re- 
quire. As regards the First of Dr. Tyndall's Extracts 
from Rendu, Forbes seems to have imagined (with 
what reason we shall presently see) that it was quoted 
for its bearing upon the greater central motion of a 
glacier, and to this he directed his answer. Dr. Tyndall 
now tells us that it was not so, and that the important 
matters were : — ^the value of Rendu's attempts to ob- 
tain (from guides !) an estimate of the rate of motion of 
the Mer de Glace, and the question whether Forbes 
" was entitled to conclude from the fact of diflferent 
'* velocities having been assigned to different glaciers, and 
*' even to different points of the same glacier, that these 
" velocities, because they thus differed^ were incorrect." 
Happily, Forbes seems to have been well acquainted 
with his antagonist's strategy, for in § 6 of his Reply 
(which immediately follows his remarks on the passage 
just referred to) he minutely examines the trustworthi- 
ness of the estimates of the annual amount of glacier 
motion (including those of Rendu) which had been 
made previous to his own measurements. This section, 
also, is much too long for quotation in full, and to ex- 
tract from it would be to spoil it, but we can assure the 
reader that (if he will take the pains to go through it 
carefully) he will very soon see how complete and how 
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cogent it is : — and perhaps also will get a notion of why 
Dr. Tyndall has thought it prudent to make no refer- 
ence to it whatever. 

Dr. TyndalFs Second Extract from Rendu is one in 
which the resemblance between the Mer de Glace and 
a river is gone into with some detail ; but, as Forbes 
says, Basil Hall and others (to whom Dr. Tyndall does 
not refer) had done much the same thing before, and 
that, what was really wanted in this matter was proof , 
not theory ; and Forbes also shows that he had himself 
already given sufficient extracts to this particular effect 
from Rendu. He concludes his remarks on No. 2 with 
the following words : — 

" I have shown, by extracts from my own writings, 
that, in both these respects, I have given fiiU credit 
to Rendu for his just anticipations. But I have also 
had to show that the grounds of his belief were in- 
adequate, as they were alsp unsatisfactory to his con- 
temporaries ; that they relied, on the one hand, on 
reported estimates of velocity, at best, vague, pro- 
bably erroneous ; and, on the other hand, on a fal- 
lacious observation, which, if made aright, should 
have led the author to an opposite result. That thus 
the claim of Rendu, viewed by the light of Professor 
Tyndall's extracts, amounts to no more than I had 
previously cordially admitted, and had also been (I 
may say) the first to proclaim,— that of having made 
a sagacious anticipation of a true theory from limited 
observations of no great precision." 

We must return again to the clause which contains the 
italicised word opposite. 

No. 3 is, for the moment, the most interesting, be- 
cause it is upon Forbes' answer to this that Dr. Tyndall 
has exercised all his powers of " neck-breaking." Now, 
it is obvious at a glance that this is, so far as Forbes at 
least is concerned (and his credit is our main object at 
present), of little or no consequence. Dr. Tyndall, on 
the other hand, from his own point of view, no doubt 
naturally looks upon it as the most important of the 
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three queries. For here it is not Forbes, but Dr. Tyn- 
dall himself, who is on his defence : and, however it 
may be settled, Forbes cannot lose at all, though Dr. 
Tyndall may suffer considerably. 

The question is, whether the context of certain pas- 
sages cited by Dr. Tyndall from Forbes, and from 
Kendu, does not affect or modify their significance. 

The following passage is from Dr. Tyndall's Glaciers 
of the Alps: the italics and capitals in the portion 
translated (!) from Rendu are Dr. TyndalFs. This por- 
tion is referred to as the First Extract. 

" ' . . . The enomwus difference between both 
" * (sic) results arises from the fact that the latter ob- 
" ' servations were made at the centre of the glacier, 
** * WHICH MOVES MORE RAPIDLY, whilc the former were 
** ' made at the side where the ice is retained by the 

'^ * FRICTION against ITS ROCKY WALLS.' pRcndu, p. 95.] 

" An opinion, founded on a grave misapprehension, 
" which Rendu enables us to correct, is now prevalent 
" in this country, not only among the general public, 
" but also among those of the first rank in science. 
*^ The nature of the mistake will be immediately appa- 
" rent. At page 128 of the * Travels in the Alps,' its 
" distinguished author gives a sketch of the state of 
" our knowledge of glacier-motion previous to the com- 
" mencement of his inquiries. He cites Ebel, Hugi, 
" Agassiz, Bakewell, De la B^che, Shirwell, Rendu, 
'* and places them in open contradiction to each other. 
" Rendu, he says, gives the motion of the Mer de 
*' Glace to be * 242 feet per annum ; 442 feet per 
" ' annum ; a foot a-day ; 400 feet per annum, and 40 
" ' feet per annum, or, one-tenth of the last V . . . . 
" and, he adds, ' I was not therefore wrong in supposing 
*' ^ that the actual progress of a glacier was yet a new 
^^ ^ problem when I commenced my observations on the 
'' ' Mer de Glace in 1842.'" 

Dr. Tyndall here quotes, against one another, pas- 
sages from Rendu and Forbes. Into the former he 
introduces italics and capitals, which are not in the 
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original and which can have no conceivable intention 
other than that of laying especial stress on the assumed 
fact that Rendu had pointed out that the centre of the 
glacier moves more rapidly than the sides, and that 
Forbes had not given him credit for this anticipation. 
Dr. Tyndall puts no capitals into his quotation from 
Forbes, but he omits as superfluous (placing four dots 
[....] instead of it) one half of a sentence. 
The reader will be surprised to find that the omitted 
half sentence runs as follows :— 

'' . . . .or one-tenth of the last! — a difference 
" which he attributes to the different rates of motion 
" of the centre and the sides. {MSm. de- la Soddtd 
*' AcadSmique de Savoie, X. 95.)" 

This portion of Forbes' Travels (with its reference to 
the very page of Rendu s work), thus pointedly omitted 
by Dr. Tyndall, contains precisely that statement which 
(by employing small capitals in his First Extract from 
Rendu) Dr. Tyndall points out as one of those of " car- 
dinal import" which it was left for him to "discover." 
Forbes calmlv remarks : — 

" I cannot but look upon this suppression of the end 
" of a quoted sentence, including the very point under 
" discussion, as an evidence of strong prejudice in the 
" writer, against which I feel myself called upon to 
'' protest." 

Dr. Tyndall, on the other hand, says : — 

** The whok Reply betrays a state of mental exacer- 
" bation which I willingly left to the softening in- 
" fluence of time, and to which, unless forced to it, I 
" shall not recur.*' 

The comparison of these two passages irresistibly 
reminds us of one of Leech's most effective scenes of 
real life : — 

Old Gentleman (politely). *0h. Conductor! I shall 
*' feel greatly obliged to you, if you would proceed. 
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" for I have an appointment in the Strand, and I am 
" afraid I shall be too late !" 

Conductor (slamming the door). " Go on, Jim I 
" here's an old cove a cussin' and a swearin' like any- 
" think 1 I !" 

Dr. Tyndall, it is true, gives most elaborate reasons 
for his having suppressed the above-quoted passage. 
They are to some extent founded upon the occurrence 
of the note of exclamation (!) used by Forbes ! But he 
has apparently not noticed that, in § 6 of Forbes' Refply, 
above referred to, this note of admiration is explained, 
and along with it (as if by prescience) a second to which 
also Dr. Tyndall refers : — or, more probably, Dr. 
Tyndall, having seen this explanation, has thought it 
advisable for his case to pass it by in silence. Dr. 
Tyndall, as a rule, seems to rely too much upon a 
notion that his readers have not carefully read the 
passages he so triumphantly represents himself as re- 
futing. This comforting assurance will not long re- 
main to him. Rendu's work will soon be accessible to 
all ; and the Reply with which we are at present deal- 
ing forms Appendix A of Forbes' Life. It is to be par- 
ticularly observed that, in all this controversy, Principal 
Forbes, though a lawyer, does not indulge in any 
special pleading ; he gives fully both sides of the case 
before he draws his inferences, and thus wins the con- 
fidence of the really intelligent reader. 

When Dr. Tyndall next ffives us a microscopic instal- 
ment of his defence, we commend earnestly to him | 6 
of Forbes' Reply, with its foot-notes, as a portion which 
we consider (while still wholly unanswered) even more 
damaging to his case than almost any other portion, 
crushing as they all are. Forbes, indeed, says that 
this § 6 " embraces the real gist of the matter." 

As regards the bearing of Forbes' query No. 3 upon 
Dr. Tyndall's Second Extract we have some difficulty : 
— not on account of Forbes, but on account of Dr. 
TyndalL Dr. Tyndall takes it first in his Article, no 
doubt in order that he may have the benefit of what he 
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considers his triumphant reply to Forbes' charge in 
this case to help him over his difficulties with respect 
to the First Fxtract, which we have just seen to be so 
great. Here, however, we must allow that he does 
make out what certainly appears to be a very strong 
case ; but, unfortunately for him, the stronger it is the 
worse for himself and for his Glaciers of the Alps. The 
matter stands thus : — 

Extract from Rendu, restored to the original 
French : — 

" Ce n'est pas tout, il y a entre le Glacier des Bois et 
**un fleuve une ressemblance tellement complete qu'il est 
" impossible de trouver dans celui-ci une circonstance qui 
**ne soit pas dans Tautre. Dans les courants d'eau la 
** vitesse n'est pas uniforme dans toute la largeur ni dans 
"toute la profondeur; le frottement du fond, celui des 
" bords. Taction des obstacles, font varier cette vitesse, qui 
" n'est entifere que vers le miUeu de la surface." — Kendu, 
p. 96. 

Principal Forbes points out that if Dr. Tyndall, in- 
stead of terminating this Extract from Rendu with four 
dots ( . . . . ), had completed the passage, he would 
have shown Rendu relying (for a proof of the greater 
central motion) upon an observation, which, rightly 
interpreted,* should have given the very opposite of the 
desired result. In fact. Rendu goes on to say : — 

" Or, la seule inspection du glacier suffit pour prouver 
" que la vitesse du miheu est plus grande que celles des 
** rives. La surface entifere est couple par des crevasses, 
" qui sont en g^n^ral transversales k sa direction. Si le 
^^mouvement ^tait le m^me dans toute la masse, ces cre- 
" vasses, qui coupent la surface en endues parallMes, for- 
" meraient une ligne droit que serait toujours k peu pr^s 
" perpendiculaire aux deux rives ; mais il n'en est point 
"ainsi; la Ugne g^n^rale est une courbe dont la convexity 
** s'avance vers le bas de le valine, ce qui ne pent dtre at- 

* For the words ** rightly interpreted," here used, the following ought to be 
substituted : — ** If extended to other glaciers, or even to other parts of the 
same glacier." Life of Forbes, p. 539. — Ed. 
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tribue qu'h. lexers de vitesse que les glaces ont sur ce 
point" — Rendu, Theorie, pp. 96, 97. 

The question now turns upon the sense in 
which Rendu uses the word crevasse. This is 
an interesting, and to us a novel question ; but, 
as will be seen, we need not at present discuss 
it. Suppose we grant, for the sake of argument, 
(till we can manage to get hold of Rendu's 
MSmoire ; the only copy we know of, that of Principal 
Forbes, being at present in Switzerland)* that Rendu 
meant by ere r((,95e,s something quite diflFerent from what 
other people mean by the word, and in fact something 
so very different as to make his observation almost 
amount to a proof of the more rapid motion of the 
centre of a glacier : — Suppose we grant this, how is it 
that Dr. Tyndall, who " discovered " these passages in 
Rendu of so " much greater importance " than those 
cited by Forbes, and who has been able for the last 
" dozen years " to have " blown " Forbes' argument on 
this point into " shreds, had he so willed " : — ^how is it, 
we ask, that he so strangely and pointedly omitted to 
quote, as his most telling excerpt from Rendu, this 
very passage, so enormously more important (as his 
reading of it makes it out to be) than those he so much 
vaunted ? Let the reader remember that Dr. Tyndall, 
(indirectly as usual) accuses Forbes of suppressing pas- 
sages of "cardinal import." Why then did Dr. Tyndall, 
of set purpose, suppress this, according to his reading, 
the most important passage of all ? Here is his answer. 
It needs but little connnent of ours. 

" The ' abrupt ' termination of my quotation, and the 
" introduction of the * four dots ' above referred to were 
" simply intended to save my readers from an error into 

'^ which Principal Forbes has unwittingly 

*' led his biographers." 

* Professor George Forbes is preparing for republication Eendu's 
Mhnmre^ with a translation ; and with a Preface, containing, without 
comment, all the important facts and dates of the history of glacier 
discovery. [This intention has been only in part carried out — Ed.] 
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That is to say, the necessity for giving along with it 
a single sentence of explanation, prevented Dr. Tyndall 
from printing, in 1859, the one really novel and valuable 
passage of Rendu which he had discovered ! For four- 
teen years poor Rendu has been deprived of credit for 
this, and even Dr. Tyndall (who seems to have been 
alone in his knowledge of it) has assigned to Agassiz, 
and (independently) to Forbes, the " conclusive estab- 
'' lishment " of the greater central motion ! \ 

In passing from this we must again remind the 
reader that, even if Dr. TyndalFs defence of himself 
were as complete, on both of these charges under 
Forbes' query No. 3, as it is utterly inadequate on the i 

one and, at the best, but lame on the other, this would ^ 

in no way whatever touch the main points of Forbes' 
Reply. That document was mainly designed to show 
that Forbes had been systematically misrepresented by 
Dr. Tyndall, and more especially as to his treatment of 
Rendu, and Dr. Tyndall has not even attempted to 
answer one of the charges so made. 

The concluding section of the Reply is singularly 
happy. Dr. Tyndall had complained that in this 
country certain passages of Rendu's work had been 
unquoted, &c., &c. Forbes asks whether any foreign 
work can be cited in which justice is done to it. " The 
" effectual promulgation," he says, after carefully going 
into the history of the question, " of Rendu's opinions 
** and merits came from this country, and through my 
" own writings." He then quotes (from the Edinburgh 
Review, July, 1844) Sir David Brewster's curiously 
prophetic anticipation, which described, fifteen years 
before the " Glaciers of the Alps " was published, almost 
exactly the course which Dr. Tyndall was there to 
adopt : and he concludes (after giving another telling 
instance of Dr. Tyndall's peculiar mode of making 
quotations) by giving an extract from a letter of Rendu 
to himself; in which the Bishop uses the following 
words — of themselves amply sufficient to settle for ever 
the whole scientific point at issue : — 

^' Votre th^orie de la marche des glaciers finira par 
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^* 6tre la seule admise, parce qu'elle est, selon moi^ la 
" seule vraie." 

VI. Dr, TyndalVs Article. 

In addition to the remarks we have already made on 
Dr, Tyndall's Article, under several of the preceding 
heads, a few remain to be made before we conclude for 
the present. We will take, in the order of their occur- 
rence, such passages as seem to require present 
comment. But, before we do so, we may explain that 
several matters to which Dr. Tyndall has alluded, all 
more or less foreign to the question now before us, 
have been left unnoticed by us simply because they 
appear to have been thrown in with a view to complicat- 
ing the question ; and, while thus allowing Dr. Tvndall 
temporarily to disguise the meagreness and inadequacy 
of his attempt to answer one part (for it is but one, and 
that a subsidiary one) of Forbes' Reply ^ doing him the 
further service of confusing and entanghng us in our 
endeavour to let the public have a clear view of the 
real points in debate. We have not permitted ourselves 
to be so entangled, and we hope that Dr. Tyndall will 
not in future waste valuable space by throwing in 
meaningless obstacles like those which we have, when 
we came face to face with them, found so little in our 
way. 

Dr. Tyndall is never weary of telling us that, if he 
had any accusation to bring, it would not be " obscurely 
'* indicated :" and he has certainly managed to bear out 
this statement in the most unmistaJ^able manner in 
one or two instances ; so forcibly, indeed, in these, that 
we at once, and without the least feeling of shame, 
acknowledge ourselves quite unable to meet him with 
his own weapons. In such cases, where they were of 
any consequence, we have preferred, if possible, to go a 
little farther back, and to show that there has really 
been no occasion for fight at all ; that the matter had 
been irrevocably decided against Dr. Tyndall before he 
took the field ; or, we have endeavoured to do the best 
we could with what may be called (in a modem, though 
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perhaps not exactly in a mediaaval, sense) mere " arms 
" of courtesy." 

Dr. Tyndall quotes, from a lecture delivered by him 
in 1858, what be evidently wishes to be regarded as a 
glowing panegyric upon Forbes. Why give us this 
now? We complained — justly, as we have above 
proved^-of something different from this in the Forms 
of Water ; so that his quotation, even were it unmixed 
praise, is nothing to the purpose. But it begins with 
faint praise, and ends (after laudation of the mere 
" qualities of mind, and the scientific culture invested 
*' (sic) in that excellent work") by proposing to institute 
a "free and frank comparison of its statements with 
'' facts." 

There is not one word in the quotation to render it 
certain that this last clause is not meant to imply the 
inaccuracy of every one of Forbes' " statements." We 
are told that Dr. Tyndall soon found, with regret, that 
such " comparison would be tolerated on one condition 
" alone," which was ''that its results should be mere 
'* confirmations of the views previously emmciated by 
" Professor Forbes," Our recollection may possibly 
be at fault, but it seems to us that what was not 
tolerated was that Forbes' statements should be brought 
to the test in an incomplete form, or in a form essentially 
different from that in which he had himself presented 
them. The more really " free and frank" the '' com- 
*' parison" is made, the more clearly will it be seen how 
completely Forbes anticipated almost everything of 
value which his successors claim to have discovered. 

This enables us to give another very striking instance 
of the inconsistency of Dr. Tyndall's mode of argument. 
A few pages after giving his quotation, which, as we 
have seen, may possibly be a mere barren compliment, 
he speaks of Forbes' " references to Rendu, which, fre- 
*' quent and flattering as they are, left no abiding im- 
pression upon the reader's mind. By some qualifying 
phrase the quotation in each case is deprived of 
" weight." When we read this we were curiously 
puzzled ; it recalled so exactly the ideas which had 

N 
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arisen in our minds on perusal of Dr. Tyndairs lauda- 
tory reference to Forbes' Travels. 

With reference to Dr. Tyndall's defence of himself 
for putting M. Agassiz so prominently forward in con- 
nection with the discovery of purely physical properties 
of glaciers, we will content ourselves with an extract 
from a paper in the Westminster Review (April, 1857) 
of which as a whole, while entirely dissenting from its 
main conclusions, we cannot but remark that its general 
characteristic is moderation, if not always impartiality ; 
and that it exhibits a clearness and definiteness of con- 
ception and of expression not to be found in any other 
writings on Dr. Tyndairs side of the question. If all 
controversial writings had, in as marked a manner, 
these characteristics, there would be an immense saving 
of time for more useful work. Two such combatants 
would feel each other's pulse, as it were, in a few 
moments, like skilful fencers after a few passes; or, like 
a couple of able chess-players, in one or two moves after 
the stereotyped ones. 

Before we give the extract, however, we have to 
notice that Dr. Tyndall says '* Neither in his Travels in 
'* the Alps, nor in his Occasional Papers, does Princi- 
" pal Forbes, to my knowledge, make any reference to 
*' this communication of Agassiz. I am far from charg- 
*' ing him with conscious wrong, or doubting that he 
" justified this reticence to his own mind ... I am 
'* no partizan of Agassiz, but I desire to be just." Ob- 
serve here that Dr. Tyndall mentions the Travels and 
the Occasional Papers only ! He does not refer to the 
Reply, though he is in the very act of attempting to 
answer it, and though in § 6 of that Reply (a section to 
which we have already specially called his attention) 
Forbes' explanation is given ! We are really curious 
to know whether or not there can be found a reason for 
this very remarkable proceeding. 

Here, then, is the history ; as written by an author 
who is obviously favourable to Dr. Tyndall. 
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Among all the difierent theories, however, that 
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» 

*' propounded by the distinguished Professor of Natural 
^^ Philosophy in the University of Edinburgh has 
^^ swallowed up the rest, as the rod of Moses, in its 
\^ ophidian condition, swallowed up all the rods' of the 
'' Egyptians. Nor is this wonderful, when we remember 
'^ that from the time of De Saussure to the year 1842, 
" Professor J. Forbes was the only man who brought 
" to the investigation of the great problems presented 
" by glaciers, the requisite preliminary knowledge of 
*' physical science, and the still more necessary physical 
" cast of intellect. Whatever view we may take of the 
" obligations under which the eminent author of the 
^^ ' Viscous Theory ' lies to his predecessors, or to his 
'' contemporaries, it must be admitted that the date of 
" the publication of his letters and travels will always 
*^ form an epoch in the history of the glacier question. 
" Nor will the ultimate verdict of science, as to the 
^' truth or falsehood of some parts of the so-called vis- 
" cous theory, affect the claims of its propounder to the 
^* admiration ever yielded to genius, energy, and 
" eloquence. 

'^ Even apart from these broad considerations, we 
^' must not forget that the two great facts which form 
'^ the basis whence all possible theories of glaciers must 
^^ start, were established and placed in their true light 
" by Professor Forbes. It may be true that Professor 
^' Guyot discovered and described the veined structure 
^' of glacier ice in the year 1838, but a careful con- 
'^ sideration and weighing of the documentary evidence 
*' must, we think, convince every impartial judge, that 
" not only did Professor Forbes independently re-dis- 
" cover this structure, but that not even its original 
" discoverer, and still less M. Agassiz — who appears to 
" have forgotten all about the matter until his attention 
" was called to it by Professor Forbes — had any clear 
*^ conception of the real value and bearing of the fact. 

" So again, it is true that M. Rendu and others had 
" <3ompared the movement of a glacier to that of a more 
" or less viscous fluid, before Professor Forbes pro- 
" pounded his theory ; and it seems to be a fact that 
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" in 1841, either during, or immediately after the visit 
*' of Professor Forbes to the glacier of the Aar in com- 
*^ pany with M. Agassiz, the latter gentleman had made 
" every arrangement for ascertaining the true rate of 
*' motion of the different parts of the glacier. 

" ' Pendant notre s^jour sur le glacier en 1841, M. 
'* Agassiz d^termina de concert avec M. Escher, au 
moyen de I'^querre d arpenteur, la position de cinq 
blocs, en vue d*apprendre ^ connaltre les rapports 
'' qui existent entre les diffdrentes parties du glacier 
" quant h, leur mouvement, et de s'assurer si, comme on 
" le croyait gdn^ralement, les parties inf^rieures du 
glacier marchent rdellement plus vito que les parties 
supdrieures, ou bien si Tinverse a lieu. II importait 
dgalement de s'assurer par Texp^rience si les bords ont 
*' un mouvement plus accel^rd que le centre ou vice 
*' versA. M. Agassiz avait align^ dans ce but ^ travers 
" le glacier de TAar h, Thauteur de la cabane Hugi, 
" c'est-a-dire a environ 2,000 pieds au dessous de THdtel 
'' des Neuch&telois, une s^rie de pieux, rapport^s ^ des 
" points fix^s des bords de la valine et plant^s h. une 
" profondeur de dix pieds dans la glace. C'dtait done 
^' en 1842, que nous pouvions espdrer d'obtenir les 
" premiers rdsultats comparatifs sur le mouvement des 
'* diffdrentes parties du glacier dans le cours d'une 
" ann^e. . . . Voici d'abord les rdsultats de la 
*^ &6ne de pieux align^s h, travers le glacier, mesur^s le 
" 20 juillet, 1842. ... II rdsulte de Ih. que la 
'' marche des diffdrentes parties du glacier prdsente une 
'' courbe dont la convexity est toum^e en bas.' * 

'' From this statement it appears that in the autumn 
'^ of 1841, M. Agassiz had taken all the steps for as- 
** certaining experimentally the rate of motion of the 
" different parts of a glacier, little dreaming that the 
'* results of these proceedings would be the overthrow 
*' of the hypothesis he then entertained, that the sides 
'* of a glacier move faster than the middle. But even 



it 






* " CompU Rendu des Reeherches de M, Agamz, par E. Desor, Bibl. Uniy* 
de Geneve. 1843." 
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'' the melancholy pleasure of refuting himself was denied 
" to the Swiss savan. In science, the race not unfre- 
'^ quently is to the swift ; and, the northern philosopher 
" having betaken himself to Switzerland in June, 1842, 
" was enabled, by applying the delicate and accurate 
" process of theodolitic measurement to the small daily 
" movement of the glacier, to obtain, in four days, the 
" results for which M. Agassiz, with his comparatively 
** rough procedure, had had to wait a twelvemonth. 
" And hence, a whole fortnight before M. Agassiz in- 
" spected his line of stakes oii the Aar glacier, namely, 
^^ on the 4th of July, 1842, we find Professor Forbes 
" writing, from the Mer de Glace, a letter to Professor 
'^ Jameson, in which all the great laws of glacier move- 
" ment are stated with accuracy and precision ; and in 
" the two memorable letters dispatched from Chamouni 
*' and Zermatt, in the course of the ensuing six weeks, 
'^ all the essential points of the viscous theory may be 
" watched, as they developed themselves in the writer's 
" mind out of these laws, combined with other facts. 
'' At the end of 1842, we may say the theory was fully 
'' formed ; and though from that time to the present it 
" has suffered rude assaults from more than one quarter, 
" it has gone on waxing in strength, and finding greater 
" favour in men's eyes, until, at present, many of its 
" old opponents are converted into supporters ; others 
" are silenced, and the objections of the few who still 
" dissent seem rather verbal than real." 

Dr. Tyndall says : — " Strong reasons may cause me to 
" revert to this question, but they must be very strong. 
*' I would only warn my readers against the assumption, 
*^ that if I do not reply to further attack, I am unable 
" to reply to it." Surely no reasons can, in the nature of 
things, be stronger than those which must have pressed 
heavily on him while he wrote : for he must have felt 
keenly that his Article touches in no way whatever the 
two main points of Forbes' masterly paper, but deals 
(and in a very lame way too) with a mere subsidiary 
point. 
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Dr. Tyndall also says his pages " lack the complele- 
' ness, and still more the strength, which I should have 

* sought to confer upon them had my present position 

* been forced (sic) upon me by Principal Forbes himself, 

* instead of by his friends." His present position is one 
in which he has placed himself; and he has "forced" 
it " upon '• himself by repeating, in the Forms of Water ^ 
after Forbes' death, charges triumphantly refuted in 
that Reply of 1860, to which, while Forbes was alive, 
Dr. Tyndall did not venture to answer a single word. 
Of course we cannot pretend to anything like the 
knowledge or power of Principal Forbes in a matter 
like this, which formed one of the main features of his 
whole scientific life ; still we wish that Dr. Tyndall had 
not made so much allowance for our comparative weak- 
ness, but had " conferred " upon his Article that " com- 
" pleteness " and that " strength " in both of which we 
have found it so sadly deficient. 

For the Biographers of Principal Forbes, 

P. G. Tait. 



EXTRACT FROM ^^FORS CLAVIGERA," 

OCTOBER, 1873 (LETTER 34). 

I HAVE no space in this number of " Fors " to say what 
reason there is for my taking notice of this book/^ or 
the glacier theory, in connection with the life of Scott. 
In the interests of general literature, it is otherwise fit- 
ting that the nature of the book itself should be pointed 
out. 

Its nature, that is to say, so far as it has any. It 
seems to be written for a singular order of young 
people, whom, if they were older, Professor Tyndall 
assures them, it would give him pleasure to take up 
Mont Blanc ; but whom he can at present invite to 
walk with him along the moraine from the Jardin, 
where " perfect steadiness of foot is necessary,— a slip 
would be death;" and to whom, with Mr. Hirsch, he 
can *' confide confidently" the use of his surveying 
chain. It is, at all events, written for entirely ignorant 
people — and entirely idle ones, who cannot be got to 
read without being coaxed and flattered into the un- 
usual exertion. " Here, my friend," says the Professor, 
at the end of his benevolently alluring pages, " our 
" labours close ! It has been a true pleasure to me to 
" have you at my side so long. You have been stead- 
" fast and industrious throughout. . . . Steadfast, 
*^ prudent, without terror, though not at all times with- 
^^ out awe, I have found you on rock and ice. Give 
" me your hand — Good bye." Does the Professor count, 

• The Forma of Water, King and Co., ComhiU. 18'72. 
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then, upon no readem, but those whom he can gratify 
with polite expressions of this kind ? Upon none who, 
perhaps, unsteadfast, imprudent, and very much fright- 
ened upon rock and ice, have nevertheless done their own 
work there, and know good work of other people's, from 
bad, a/iy where ; and true praise from false anywhere ; 
and can detect the dishonouring of nameable and noble 
persons, couched under sycophancy of the nameless? 
He has at least had one reader, whom I can answer for, 
of this inconvenient sort. 

It is, I am sorry to say, just forty years (some day 
last month) since I first saw the Bernese Alps from 
above SchaflFhausen, Since that evening I have never 
let slip a chance of knowing anything definite about 
glaciers and their ways ; and have watched the pro- 
gress of knowledge, and the oscillations of theory, on 
the subject, with an interest not less deep, and cer- 
tainly more sincere, than it would have been if my own 
' industry had been able to advance the one, or my own 
ingenuity to complicate the other. But only one great 
step in the knowledge of glaciers has been made in all 
that period ; and it seems the principal object of Pro- 
fessor Tyndall's book to conceal its having been taken, 
that he and his friends may get the credit, some day, 
of having taken it themselves. 

I went to the University in 1836, and my best friend 
there, among the older masters. Dr. Buckland, kept me 
not ill-informed on my favourite subject, the geo- 
logical, or crystallogical, question. Nearly everything 
of which Professor Tyndall informs his courageous 
readers, was known then, just as well as it is now. We 
all, — that is to say, all geologists .of any standing, and 
their pupils, — knew that glaciers moved ; that they 
were supplied by sndw at the top of the Alps, and 
consumed by the heat at the bottom of them ; that 
there were cracks all through them, and moraines all 
down them ; that some of their ice was clear, and other 
ice opaque ; that some of it was sound, and some rot- 
ten; and that streams fell into them at places called 
mills, and 'came out of them at places called grottoes. 
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• 

We were, I am sorry to say> somewhat languidly con- 
tent with these articles of information ; we never 
thought of wading, " breast-deep, through snow " in 
search of more, and still less of " striking our theodo- 
'' lites with the feelings of a general who had won 
** a small battle."^ Things went on thus quietly 
enough. We were all puzzled to account for gla- 
cier motion, but never thought of ascertaining what 
the motion really was. We knew that the ice slipped 
over the rocks at some places, tumbled over them at 
others; gaped, or as people who wanted to write 
sublimely always said, yawned, when it was steep, and 
shut up again when it was level. And Mr. Charpentier 
wrote a thick volume to show that it moved by expan- 
sion and contraction, which I read all through, and 
thought extremely plausible. But none of us ever had 
the slightest idea of the ice's being anything but an en- 
tirely sohd 'substance, which was to be reasoned about 
as capable indeed of being broken, or crushed, or 
pushed, or pulled in any direction, and of sliding or 
falling as gravity and smooth surfaces might guide it, 
but was always entirely rigid and brittle in its sub- 
stance, like so much glass or stone. 

This was the state of affairs in 1841. Professor 
Agassiz, of Neuch&tel, had then been soixie eight or ten 
years at work on the glaciers ; had built a cabin on one 
of them ; walked a great many times over a great many 
of them ; described a number of their phenomena quite 
correctly ; proposed, and in some cases performed, many 
ingenious experiments upon them ; and indeed done 
almost everything that was to be done for them — 
except find out the one thing that we wanted to know. 

As his malicious fortune would have it, he invited in 
that year (1841) a man of acute brains to see what he 
was about. The invitation was accepted. The visitor 
was a mathematician ; and after examining the ques- 
tion, for discussion of which Agassiz was able to supply 

* When next the reader has an opportunity of repeating Professor Tyn- 
dalFs experiments (p. 92) in a wreath of dry snow, I recommend him first 
to ti7 how much jumping is necessary in order to get into, it, "breast- 
deep" ; and secondly, how far he can " wade " in that dramatic position. 
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him with all the data except those which were essential, 
resolved to find out the essential ones himself. 

Which in the next year (1842) he quietly did ; and 
in 1843 solved the problem of glacier motion for ever — 
announcing, to everybody's astonishment, and to the 
extreme disgust and mortification of all glacier students, 
— including my poor self (not the least envious, I fancy, 
though with as little right to be envious as any one), — 
that glaciers were not solid bodies at all, but semi- 
liquid ones, and ran down in their beds like so much 
treacle. 

'' Cela saute aux yeux," we all said, as soon as we 
were told ; and I well remember the intense mortifica- 
tion of first looking down on the dirt bands of the 
Mer-de- Glace, from the foot of the Little Charmoz, 
after I had read Principal Forbes' book. That we never 
should have seen them before ! — so palpable, so in- 
evitable now, with every inch of the ice's motion kept 
record of, in them, for centuries, and every curve 
pencilled in dark, so that no river eddies, no festooned 
fall of sweeping cascade, could be more conclusive in 
proof of the flowing current. And of course it flowed ; — 
how else could it have moved but by a series of 
catastrophes? Everything explained, now, by one 
shrewd and clear-sighted man's work for a couple of 
summer months ; and what asses we had all been ! 

But fancy the feelings of poor Agassiz in his Hotel 
des NeuchAtelois ! To have had the thing under his 
nose for ten years, and missed it ! There is nothing in 
the annals of scientific mischance — (perhaps the truer 
word would be scientific dulness) — to match it; certainly 
it would be difficult for provocation to be more bitter, — 
at least, for a man who thinks, as most of our foolish 
modern scientific men do think, that there is no good 
in knowing anything for its own sake, but only in being 
the first to find it out. 

Nor am I prepared altogether to justify Forbes in 
his method of proceeding, except on the terms of battle 
which men of science have laid down for themselves. 
Here is a man has been ten years at his diggings ; haa 
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trenched here, and bored there, and been over all the 
ground again and again, except just where the nugget 
is. He asks one to dinner, — ^and one has an eye for 
the run of a stream ; one does a little bit of pickaxing 
in the afternoon on one's own account, — and walks off 
with his nugget. It is hard. 

Still, in strictness, it is perfectly fair. The new- 
comer, spade on shoulder, does not understand, when 
he accepts the invitation to dinner, that he must not 
dig, — or must give all he gets to his host. The luck is 
his, and the old pitsman may very excusably growl and 
swear at him a little ; but has no real right to quarrel 
with him, — still less to say that his nugget is copper, 
and try to make everybody else think so too. , 

Alas, it was too clear that this Forbes' nugget was 
not copper.^ The importance of the discovery was 
shown in nothing so much as in the spite of Agassiz 
and his friends. The really valuable work of Agassiz 
on the glaciers was itself disgraced, and made a monu- 
ment to the genius of Forbes, by the irrelevant spite 
with which every page was stained in which his name 
could be introduced. Mr. Desor found consolation in 
describing the cowardice of the Ecossais on the top of 
the Jungfrau ; and all the ingenuity and plausibility 
of Professor Tyndall have been employed, since the 
death of Forbes, to diminish the lustre of his discovery, 
and divide the credit of it. 

To diminish the lustre, observe, is the fatallest 
wrong ; by diminishing its distinctness. At the end 
of this last book of his, in the four hundred and tenth 
of the sapient sentences which he numbers with paternal 
care, he still denies, as far as he dares, the essential 
point of Forbes' discovery ; denies it interrogatively, 
leaving the reader to consider the whole subject as yet 
open to discussion, — only to be conclusively determined 
by — ^Professor Tyndall and his friends. '^ Ice splits," 
he says, " if you strike a pointed pricker into it; fissures, 
" narrow and profound, may be traced for hundreds of 

yards through the ice. Did the ice possess even a 

very small modicum of that power of stretching 
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" which is characteristic of a viscous substance, ' such 
" crevasses could not be formed.' " Professor TyndaJl 
presumably never having seen a crack in clay, nor in 
shoe leather, nor in a dish of jelly set down with a jerk ; 
nor, in the very wax he himself squeezed flat to show 
the nature of cleavage — imderstood that the cleavage 
meant the multiplication of fissure I 

And the book pretends to be so explanatory, too, 
to his young friends ! — explanatory of the use of the 
theodohte, of the nature of presence of mind, of the 
dependence of enjoyment of scenery upon honest labour, 
of the necessity that in science, " thought, as far as 
" possible, should be wedded to fact," and of the pro- 
priety of their becoming older and better informed 
before they unqualifiedly accept his opinion of the 
labours of Ilendu I 

But the one thing which, after following him through 
the edification of his four hundred and ten sentences, 
they had a right to have explained to them — ^the one 
thing that will puzzle them if ever they see a glacier, 
" how the centre flows past the sides, and the top flows 
over the bottom," the Professor does not explain ; but 
only assures them of the attention which the experi- 
ments of Mr. Mathews, Mr. Froude, and above all 
Signor Bianconi, on that subject, " will doubtless re- 
ceive at a future time." 

The readers of " Fors " may imagine they have 
nothing to do with personal questions of this kind. But 
they have no conception of the degree in which general 
science is corrupted and retarded by these jealousies of 
the schools ; nor how maportant it is to the cause of all 
true education, that the criminal indulgence of them 
should be chastised. Criminal is a strong word, but 
an entirely just one. I am not likely to overrate the 
abilities of Professor Tyndall ; but he had at least in- 
telligence enough to know that his dispute of the state- 
ments of Forbes, by quibbling on the word " viscous,*' 
was as uncandid as it was unscholarly ; and it retarded 
the advance of glacier science for at least ten years. 
It was unscholarly, because no other single'word existed 
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in the English language which Forbes could have used 
instead ; and uncandid, because Professor Tyndall knew 
perfectly well that Forbes was aware of the difference 
between ice and glue, without any need for experiments 
on them at the Royal Institution. Forbes said that 
the mass of glacier ice was viscous, though an inch of 
ice was not, just as it may be said, with absolute truth, 
that a cartload of fresh-caught herring is liquid, though 
a single herring is not. And the absurdity, as well as 
the iniquity of the Professor's wilful avoidance of this 
gist of the whole debate is consummated in this last 
book, in which, though its title is The Forms of 
Water J he actually never traces the transformation of 
snow into glacier ice at all — (blundering by the way, in 
consequence, as to the use of one of the commonest 
words in Savoyard French, nSve). For there are three 
great '* forms of water " by which the Alps are sheeted, 
— one is snow ; another is glacier ice ; the third is 
nevSj which is the transitional substance between one 
and the other. And there is not a syllable from the 
beginning of the book to the end, on the subject of this 
change, the nature of which is quite the first point to 
be determined in the analysis of glacier motion. 

^ * * * * 

The incidental passage in "Fors," hastily written, 
on a contemptible issue, does not in the least indicate 
my sense of the real position of James Forbes 
among the men of his day. I have asked his son's 
permission to add a few words expressive of my deeper 
feelings. 

For indeed it seems to me that all these questions as 
to priority of ideas or observations are beneath debate 
among noble persons. What a man like Forbes 
first noticed, or demonstrated, is of no real moment to 
his memory. What he was, and how he taught, is of 
consummate moment. The actuality of his personal 
power, the sincerity and wisdom of his constant teaching, 
need no applause from the love they justly gained, and 
can sustain no diminution from hostility ; for their proper 
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honour is in their usefulness. To a man of no essential 
power, the accident of a discovery is apotheosis ; to hirriy 
the former knowledge of all the sages of earth is as 
though it were not ; he calls the ants of his own 
generation round him, to observe how he flourishes in 
his tiny forceps the grain of sand he has imposed upon 
Pelion. But from all such vindication of the claims 
of Forbes to mere discovery, I, his friend, would, 
for my own part, proudly abstain. I do not in the 
slightest degree care whether he was the first to see 
this, or the first to say that, or how many common 
persons had seen or said as much before. What 
I rejoice in knowing of him is that he had clear eyes 
and open heart for all things and deeds appertaining 
to his life ; that whatever he discerned, was discerned 
impartially ; whatever he said, was said securely ; and 
that in all functions of thought, experiment, or com- 
munication, he was sure to he eventually right, and 
serviceable to mankind, whether out of the treasury of 
eternal knowledge he brought forth things new 
or old. 

This is the essential difference between the work of 
men of true genius and the agitation of temporary 
and popular power. The first root of their usefulness 
is in subjection of their vanity to their purpose. It is 
not in calibre or range of intellect that men vitally 
differ ; every phase of mental character has honourable 
ofiice ; but the vital difference between the strong 
and weak — or let me say rather, between the availing 
and the valueless intelligence — is in the relation of the 
love of self to the love of the subject or occupation. 
Many an Alpine traveller, many a busy man of science, 
nowadays, volubly represent to us their pleasure in the 
Alps; but I scarcely recognize one who would not 
willingly see them all ground down into gravel, on con- 
dition of his being the first to exhibit a pebble of it at the 
Royal Institution. Whereas it may be felt in any single 
page of Forbes's writing, or De Saussure's, that they 
love crag and glacier for their own sake's sake; that they 
question their secrets in reverent and solemn thirst : not 
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at all that they may communicate them at breakfast to 
the readers of the Daily News, — and that, although 
there were no news, no institutions, no leading articles, 
no medals, no money, and no mob, in the world, these 
men would still labour, and be glad, though all their 
knowledge was to rest with them at last in the silence 
of the snows, or only to be taught to peasant children 
sitting in the shade of pines. 

And whatever Forbes did or spoke during his noble 
life was in this manner patiently and permanently 
true. The passage of his lectures in which he shows 
the folly of Macaulay's assertion, that " The giants of 
one generation are the pigmies of the next," beautiful iii 
itself, is more interesting yet in the indication it gives 
of the general grasp and melodious tone of Forbes's 
reverent intellect, as opposed to the discordant insolence 
of modernism. His mind grew and took colour like an 
Alpine flower, rooted on rock, and perennial in 
flower ; while Macaulay's swelled like a puff-ball in an 
unwholesome pasture, and projected itself far round in 
deleterious dust. 

I had intended saying a few words more touching 
the difference in temper, and probity of heart, between 
Forbes and Agassiz, as manifested in the documents 
now laid before the public. And as far as my own 
feelings are concerned, the death of Agassiz would not 
have caused my withholding a word. For in all 
utterance of blame or praise, I have striven always to 
be kind to the living — just to the dead. But in 
deference to the wish of the son of Forbes, I keep 
silence : I willingly leave sentence to be pronounced by 
time, above their two graves. 

John Ruskin. 



The following letters, one from Forbes to myself 
written ten years ago, and the other from one of his 
pupils, received by me a few weeks since, must however 
take their due place among the other evidence on 
which such judgement is to be given. J. R. 
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*' St. Andrews, 2nd Dec., 1864. 

** My dear Sir — Having almost retired from the din 
" of controversy, it is a pleasureable surprise to me to 
" find now and then some old friend who has not 
" forgotten me, and who has still spirit and fidelity 
" enough to break a lance in my favour. 

" For about three years I have felt disheartened and 
« hopeless aa to stemming the popular tide of preposses- 
" sions against my "Theory of Glaciers," or, I should 
'* rather say, against me personally as its author. The 

article in the ' Quarterly,' seemed to me to complete 
the triumph of Tyndall within the limits of his in- 
" fluence. Its dulness and stupid reiteration of ex- 
" ploded statements seemed to me to give the best 
" promise of its speedy obUvion. Advancing years 
" and a permanently depressed state of health have 
" taken the edge off' the bitterness which the injustice 
" I have experienced caused me during many years. 
" But, as I said, the old fire revives within me when 
*' I see any one willing and courageous, like you, to 
" remember an old friend, and to show that you do so. 

" I have just read ^'s paper in the Phil. 

" Mag. J for October, which is better written than he 
" usually does, and he makes' some good points. But 
" what amuses me is the necessity to which glacialists 
" are driven (whatever opinions they may profess) to 
" treat glaciers as plastic, in the most uncompromising 
" sense of the term. 

" I hope your health is good and that you still enjoy 
" frequent trips to Switzerland. I am so bad a travel- 
" ler, now, that even the railway journey is quite a 
" barrier, especially were my family to accompany me. 
" I hear much of the increased obstacles to large parties 
^^ moving about since I was last abroad, and the utterly 
^* vulgarized state to which Chamouni is reduced. 

" Ever yours sincerely and obliged, 

(Signed) " James D. Forbes." 
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The following are portions of a letter from Mn 
Robert B. Watson, dated — 

"Madeira, Dec. 13, 1873. 

" The Nat. Phil. Class was an essential preparation 
*' for the study of Divinity in the Free Church of 
" Scotland, of which I am now a minister. Thus I 
" attended Forbes. That was in the . session '44-5. 
" Glaciers, of course, came prominently into the course, 
" but of Agassiz we learned only as a great and 
" honoured name. In January, 1846 (I think on the 
" 2nd of the month), going from Geneva to Berne in 
^^ bitter cold and deep snow, alone in the diligence, 
" there entered to me at NeuchAtel, as the early dark 
" settled down upon us, a cheery fellow-traveller, who 
" drew out the last moments in eager talk with a parting 
** friend — one with a certain stamp of greatness on him 
" and their talk was all of glaciers. On that subject — 
" I kindled, and when at length Desor, my new fellow- 
'* traveller, told me that the Agassiz of whom I spoke 
" was none other than he who had stood beside me 
" at the coach door, all my boyish enthusiasm was 
" stirredy"^ and I told all I had learned of him, and from 
*' whom. Then it was Desor told me, he and others of 
" Agassiz' friends, their leader himself, about to start 
^* for America, being unable to come, were going to the 
" Aar Glacier, to measure for the first time, the 
" actual movement of the ice. Very soon it was arran- 
" ged that I should go too. Next day we were joined 
'' by M. Dolfuss-Ausset (Papa Dolfiiss) from Mulhouse. 
" The following day we reached Meyringen, and 
" the day after we walked to the Grimsel. There we 
" spent several days in bright fierce cold, making 
various theodolite measurements at many points, 
digging a deep hole into the glacier beyond the 
" influence of superficial cold there, by coloured water 
^' to test the percolation susceptibility of the ice. 

* The italics are mine. I think this incidental and naive proof of the way 
in which Forbes had spoken of Agassiz to his class, of the greatest valne and 
beautiful interest. J. B. 

O 
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Desor communicated the results to a Berne paper; 
probably they have been published elsewhere, but 
they amoimted to little more than was known be- 
fore, viz., that the ice throughout, even in winter, 
was drenched with water ; and that the movement 
was as regular from day to day, though a little slower 
than in summer. 

" Forgive these personal details — at least I have not 
thrust them on you, but they serve to illustrate these 
two points — 1st, that Forbes taught us to reverence 
Agassiz ; and 2nd, that Forbes' theory of viscosity 
being the final explanation of glacier motion forced 
itself on me, in spite of much concurring to the con- 
trary, and specially of my being taught Agassiz' views 
in situ, and by his own friends. Neither then or 
since could I make out what Agassiz' antagonistic 
view was, and time has only matured the conviction 
that when Forbes uttered the word ^viscosity,' he 
had said the very last that could be said on the 
subject; and that Thomson's experiments on melt- 
ing under pressure/^ and regelation, explain the 
manner of the viscosity — the manner not the fact. 
With Rendu it was a guess among guesses too, — 
with others it was a poetical metaphor, that a glacier 
flowed like a river. Forbes proved that it was a 
fact, and Thomson confirmed his proof by showing 
whence viscosity comes." 



•Profeflsor James Thomson's later explanation (apparently overlooked by 
Professor Tyndall and others) was by melting under pressures tending to change 
of form, and solidifying of the water freed from those pressures. — Ed. 



EXTRACT 

FROM 

PRINCIPAL FORBES' REPLY TO CERTAIN PASSAGES 
IN PROFESSOR TYNDALL'S "GLACIERS 

OF THE ALPS." 

[Published in 1860, and reprinted in full as Appendix A to the Life 

a7id Letters of James David Forbes.^ 

§ 4. References to Rendu in my ^^ Travels in the Alps'' 
(1843), and in my later publications. 

The following extracts from my Travels in the Alps 
will speak for themselves. The pages referred to are 
those of the first edition (published in July, 1843). No 
alteration whatever was made in these extracts in the 
second edition (184j5), only the pages where a few of 
the later ones occur are slightly different. 

(a) Travels, pp. 28, 29. — " ... In the writings of 
Agassiz, Godefroy, De Charpentier, and Rendu, devoted 
exclusively to glaciers, and published in 1840 and 1841, 
there is an equal silence as to the real nature of glacier 
structure, &c."'*^' 

(b) Travels, p. 127. — "Ebel gravely aflfirms^ that the 
glaciers of Chamouni advance at the rate of 14 feet a 
year, and those of Grindelwald 25 feet a year ; whereas, 
as we shall see, such spaces are actually traversed by 
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Guide du Voyageur, art. Olader.** 



* [Professor Tyndall (p. 301) ascribes to Rendu an allusion to the veined 
structure. A reference to p. 60 of the 71i4orie, however, must satisfy any 
impartial person that he is speaking of the true stratification of the n&v4, as 
would have been apparent had Professor Tyndall not stopped short in his quo- 
tation. After the word ** snow" in his citation, this passage follows, identifying 
the description with those of De Saussure and other older writers, applied to 
the higher glaciers : *'I1 y a dans Tensemble de grandes et de petites assises. 
Les premieres repr^sentent sans doute les anuses, et les secondes repr^sentent 
peut-dtre une saison, un jour de pluie, une chute de nei^e, un violent coup de 
soleil.'' — KendUf p. 61. This is evidently no account of the vemed structure. (I860).] 
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most glaciers in the course of a few days. This state- 
ment is quoted by Captain Hall^ and other recent 
writers, and even by M. Rendu (now Bishop of Annecy), 
the author of a most ingenious paper on glaciers, too 
little known." * 



1 *' Patchwork, L 109. 'Mem. de la Sod^t^ Acad^miqne de Savoie, x. 95. 



If 



(c) Travels, p. 128. — "M. Rendu seems to have been 
more aware of the importance of the determination of 
the rate of motion of glaciers than any other author ; 
but the best information which he could collect in 1841 
did not much tend to clear up his doubts. He gives 
the following rates of motion of the Mer de Glace, or 
Glacier des JBois, without being able to decide which 
is the most trustworthy : 242 feet per annum ; 442 
feet per annum ; a foot a day ; 400 feet per annum ; 
and 40 feet per anmmi, or one-tenth of the last ! — a 
difference which he attributes to the different rates of 
motion of the centre and the sides. "^ 



1 <* M^oires, &c. x. 95. 



}} 



We shall see below (page 16) that Professor Tyndall, 
in citing the preceding passage from my Travels, has 
made two important omissions. 

(dj Travels, p. 356. — ^Motto or heading to Chapter 
XXI. [which is entitled " An Attempt to explain the 
Leading Phenomena op Glaciers.""] — * Rien ne me 
parait plus clairement demontre que le mouvement pro- 
gressif des glaciers vers le bas de la valine, et rien en 
mSme temps ne me semble plus difficile h, concevoir 
que la manifere dont s'ex^cute ce mouvement silent, 
si in^gal, que s'ex^cute sur des pentes diffdrentes, sur 
un sol garni d'asp^rit^s, et dans des canaux dont la 
largeur varie h, chaque instant. C'est 1^, selon moi, 
le ph^nomfene le moins explicable des glaciers. Marche- 
t-il ensemble comme im bloc de marbre sur un plan 
inclind ? Avance-t-il par parties bris^es comme les 
cailloux qui se suivent dans les couloirs des montagnes ? 
S'affaisse-t-il sur lui-m^me pour couler le long des 
pentes, comme le ferait une lave a la fois ductile et 
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* liquide ? Les parties qui se detachent vers les pentes 
' rapides suffisent-elles E imprimer du mouvement ^ 
' celles qui reposent sur une surface horizontale ? Je 

* rignore. Peut-etre encore pourrait on dire que dans 

* les grands froids Teau que remplit les nombreuses 
^ crevasses transversales du glacier venant ^ se congeler, 
^ prend son accroissement de volume ordinaire, pousse 

* les parois qui la contiennent, et produit ainsi uH 

* mouvement vers le bas du canal d'^coulement/ — 
Rendu, Theorie des Glaciers, ip. 93. 

(ej Travels^ p. 367. — "When a glacier passes from a 
narrow gorge into a wide valley, it spreads itself, in 
accommodation to its new circumstances, as a viscous 
substance would do ; and when embayed between rocks, 
it finds its outlet through a narrower channel than that 
by which it entered. This remarkable feature of glacier 
motion, already several times adverted to, had not been 
brought prominently forward until stated by M. Rendu, 
now Bishop of Anndcy, who has described it very 
clearly in these words : * II y a une foule de faits qui 
' sembleraient faire croire que la substance des glaciers 

* jouit d'une esp^ce de ductility qui lui permet de se 
' modeler sur la locaht^ qu'elle occupe, de s'amincir, de 

* se renfler, de se r^tr^cir, et de s'dtendre, comme le 

* ferait une p4te moUe. Cependant, quand on agit sur 

* un morceau de glace, qu'on le frappe, on lui trouve 

* une rigidity qui est en opposition directe avec les ap- 

* parences dont nous venons de parler. Peut-etre que 

* les experiences faites sur de plus grandes masses don- 

* neraient d'autres r^sultats.'^ Now it is by observa- 

^ " Th4orie des Olaeiera de la Savoie, p. 84. Whilst I am anxious to show 
how far the sagacious views of M. Rendu coincide Ydth, as they also preceded 
my own, it is fair to mention, that all my experiments were made, and indeed 
by far the greater part of the present volume was written, before I succeeded 
in obtaining access to M. Kendu's work, in the tenth volume of the Memoir of 
the Academy of Chiunb^ry, which I owe at length to the kindness of the right 
reverend author."* 

* [I have explained already (page 9), that though I had cursorily seen M. 
Rendu's book in the possession of a friend, I never had access to it for consulta- 
tion, either while deducing my theory from observations on the glaciers them- 
selves, or afterwards when elaborating it at home, until the time above referred 
to, which was probably in February, 1843. (1860).] 
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tions on the glacier itself that we can best make 
experiments on grecU masses of ice, as here suggested." 

(f) Travels, page 382. — " The idea of comparing a 
glacier to a river is anything but new, and I would not 
be supposed to claim that comparison or analogy as an 
original one. Something very like the conception of 
fluid motion seems to have been in the minds of 
several writers, although I was not aware of it at the 
time that I made my theory. In particular, M. Rendu, 
whose mechanical views are in many respects more 
precise than those of his predecessors or contemporaries, 
speaks of the ^ glaciers d'dcoulement ' as distinct from 
'glaciers reservoirs ;' and in the quotation at the head 
of this chapter, he evidently contemplates the possibility 
of the mutual pressures of the parts overcoming the 
rigidity.^ He is the only writer of the Glacier school 
who has insisted on the plasticity of the ice, shown by 
moulding itself to the endlessly varying form and section 
of its bed ; and he is also opposed to his leading con- 
temporaries in his conjecture that the centre of the 
ice-stream would be found to move fastest. But M. 
Rendu has the candour not to treat his ingenious 
speculations as leading to any certain result, not being 
founded on experiments worthy of confidence. *The 
fact of the motion exists/ he says ; * the progression of 
glaciers is demonstrated, but the manner of it is entirely 
wiknovm. Perhaps by long observations and well made 
experiments on ice and snow, we may be able to 
apprehend it, but these first elements are still 
wanting.'^" . . . [Here follows a quotation from 
Captain Basil Hall.] "But such speculations could 
not pass into a theory until supported by the definite 
facts of which M. Rendu deplores the want." 

, ^ "See also page 107 of his work for a comparison between a glacier and a 
nver." 

3 << < Le fait du mouvement existe, la progression des glaciers est demontr^e ; 
mais le mode est enti^rement inconnu. Peut-6tre avec de longues observations, 
des experiences bien faites sur la glace et la neige, yiendra-t-on k, bout de le 
saisir : mais ces premiers elements nous manquent encore.' " 

(gj Travels, p. 385. — *^ I have no doubt, however. 
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that the convex surface of the glacier (which resembles 
that of mercury in a barometer tube), is due to this 
hydrostatic pressure acting upwards with most energy 
near the centre. It is the ' renflement ' of Rendu, the 
' surface bombde ' of Agassiz." 

Such are the quotations from and references to 
M. Rendu in the work which embodied the results of 
my own experiments and speculations. In my later 
writings I did not suffer the bishop's name to drop out 
of sight. 

Qi) Eighth Letter on Glacier s^ 1844 (reprinted, 1859, 
in Occasional Papers, &c., p. 62), I say: '* Facts like 
this seem to show with evidence, what intelligent men, 
such as Bishop Rendu, had only supposed previously 
to the first exact measures in 1842, that the ice of 
glaciers, rigid as it appears, has, in fact, a certain 
'ductility' or 'viscosity' which permits it to model 
itself to the ground over which it is forced by gravity," 
&c. 

{i) Fsijper in Philosophical Transactions tor 1846 (read 
1845; reprinted, 1859, in Occasional Papers, &c., 
p. 84.) — "M. Rendu, Bishop of Ann^cy, in his 
excellent Essay on Glaciers, refers in one passage (and 
I believe in one only) to the possible analogy with a 
lava stream, '[le glacier"] s'affaisse-t-il sur lui-meme pour 
couler le long des pentes comme le ferait une lave h, 
la fois ductile et liquide ?^" 

^ "Throne des Glaciers. M^m. de FAcademie de Savoie, tome x. p. 93, 
published in 1841." 

(k) Paper in Phil. Trans. 1846 (Occas. Papers, 
p. 160). — "Still less could I have anticipated that 
when the plastic changes <5f form had been measured 
and compared, and calculated, and mapped, and con- 
firmed by independent observers, that we should still 
have had men of science appealing to the fragility of an 
icicle as an unanswerable argument ! More philosopical, 
surely, was the appeal of the Bishop of Aiindcy, from 
what we already know to what we may one day learn 
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if willing to be taught. *Quand on agit sur un 
' morceau de glace, qu'on le frappe, on lui trouve une 
'rigidity qui est en opposition directe avec les appa- 
' rences dont nous venons de parler. Peut-Stre que les 
' experiences faites sur de plus grandes masses danner- 
' aient d^autres rSsultats.^' " 

1 " Throne des Glaciers de la Savoie, p. 84 ; qnoted in my Travels, p. 367, 
second edition." 

(I) Thirteenth Letter on Glacier Sy 1846 (reprinted, 
1859, Occasional Papers y p. 201).— " Bishop Rendu, 
whom I had the pleasure of visiting at Ann^cj " [in 
1846], '' remarked a familiar circumstance which illus- 
trates the same thing. We often see, in the coldest 
weather, that opaque snow is converted into trans- 
lucent ice by the sliding of boys on its surface ; friction 
and pressure alone, without the slightest thaw, effect 
the change which must take place still more readily in 
a glacier," &c.^ 

I leave these extracts to the consideration of the 
impartial reader, that he may decide, by a comparison 
of them with the extracts in Professor Tyndall's work, 
— or, still better, with Rendu's Essay itself (where, of 
course, these sagacious views are mixed with a certain 
alloy of ingenious but inaccurate conjecture) — whether 
they do not constitute an adequate and impartial re- 
cognition of the Bishop's Thiorie, and at the same 
time invite and facilitate reference to it. 



* [Had I been aware of the following passage in Bendu's Th^orie, p. 75, 
quoted by Professor Tyndall (p. 301), I would certainly have cited it : — ** D'ou 
[i.e.f from an observation by De Saussure on the Seracs] Ton pent conclure que 
le temps f avorisant Taction de Taffinit^ et en m^me temps la pression des couches 
les unes sur les autres, rapprochent les petits cristaux qui ferment la neige, et 
en les amenant au contact, les font passer k I'^tat de glace. " Nor did the Bishop 
refer me to his work when he made his remark about ** les petits polissons," as 
he called them. (I860.)] 
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MATHEMATICS. 

Airy.— Works by Sir G. B. Airy, K.C.B., Astronomer Royal :— 

ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students In the Univer- 
sities. With Diagrams. Crown 8vo. cloth. 5^. dd. 

It is hoped that the methods of solution here explained, and the iu- 
stances exhibited, will be found sufficient for application to nearly 
all the important problems of Physical Science, which require for 
their complete investigation the aid of Partial Differential Equa- 
tions, 

ON THE ALGEBRAICAL AND NUMERICAL THEORY OF 
ERRORS OF OBSERVATIONS AND THE COMBINA- 
TION OF OBSERVATIONS. Crown 8vo. cloth. 6s. ed. 

In order to spare astronomers and observers in natural philosophy the 
confusion and loss of time which are produced by referring to the 
ordinary treatises embracing both branches of probabilities {the fir J 

laSo-D.S. t 9- 7?- 
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Airy (G* B.) — continued, 

relating to chances which can be altered only by the changes of entire 
units or integral multiples of units in the fundamental conditions 
of the problem ; the other concerning those chances which have 
respect to insensible gradations in the value of the element measured), 
this volume has been drawn up. It rdates only to errors of observa- 
tion, and to the rules, derivable from the consideration of these 
er r o rs , for the combination of the results of observcUions. 

UNDULATORY THEORY OF OPTICS. Designed for the Use 
of Students in the University. New Edition. Crown 8vo. cloth. 

ne undulatory theory of optics is presented to the reader as having 
the same claims to his attention as the theory of gravitation, — namely, 
that it is certainly true, and that, by mathematical operations 
of general elegance, it leads to results of great interest. This theory 
explains with accuracy a vast variety of phenomena of the most 
complicated kind. The plan of this tract has been to include those 
phenomena only which admit of calculation, and the investigations 
are applied only to phenomena which actually have been observed, 

ON SOUND AND ATMOSPHERIC VIBRATIONS. With 
ths Mathematical Elements of Music. Designed for the Use of 
Students of the University. Second Edition, revised and enlarged. 
Crown 8vo. 9x. 

TTiis volume consists of sections, which again are divided into num- 
bered articles, on the following topics : — General recognition of the 
air as the medium which conveys sound; Properties of the air on 
which the formation and transmission of sound depend ; Theory oj 
undulations as applied to sound, etc. ; Investigation of the motion 
of a wave of air through the atmosphere; Transmission of waves 
of soniferous vibrations through different gases, solids, and fluids ; 
Experiments on the velocity of sound, etc. ; On musical sounds, 
and the manner of producing them; On the dements of musical 
harmony and mdody, and of simple musical composition; On in- 
strumental music; On the human organs of speech and hearing. 

A TREATISE ON MAGNETISM. Designed for the Use of 
Students in the University. Crown 8vo. 9J. td. 

As the laws of Magnetic Force have been experimentally examined, 
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loith philosophical accuracy^ only in its connection with iron and 
steely and in the influence excited by the earth as a whole, the 
accurate portions of this work are confined to the investigations con- 
nected with these metals and the earth. The latter part of the 
work, however, treats in a more general way of the laws of the 
connection between Magnetism on the one hand and Galvanism 
and ThermO'Electricity on the other. The work is divided into 
Twelve Sections, and each section into numbered articles, each 
of which states concisely and clearly the subject of the following 
paragraphs. 

Ball (R. S., A.M.)— EXPERIMENTAL MECHANICS. A 
Course of Lectures delivered at the Royal College of Science for 
Ireland. By Robert Stawell Ball, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal College of Science for 
Ireland (Science and Art Department). Royal 8vo. i6j. 

The author's aim in these twenty Lectures has been to create in the 
mind of the student physical ideas corresponding to theoretical laws, 
and thus to produce a work which may be regarded either as a sup^ 
plement or an introduction to manuals of theoretic mechanics. To 
realize this design, the copious use of experimental illustrations was 
necessary. The apparatus used in the Lectures and figured in the 
volume has been principally built up from Professor Willies most 
admirable system. In the selection of the subjects, the question of 
practical utility has in many cases been regarded as the one of para- 
mount importance, and it is believed that the mode of treatment 
which is ctdopted is more or less original. This is especially 
the case in the Lectures relating to friction, to the mechanical 
powers, to the strength of timbir and structures, to the laws of 
motion, and to the pendulum. The illustrations, drawn from 
the apparatus, are nearly all original and are beautifully exe- 
cuted, ^^In our reading we have not met with any book of the sort 
in English,^^ — Mechanics' Magazine. 

Bayma.— THE elements of molecular mecha- 
nics. By Joseph Bayma, S.J., Professor of Philosophy, 
Stonyhurst College. Demy 8vo. cloth. lOr. dd. 

Of the twelve Books into which this treatise is divided, the first 
and second give the demonstration of the principles which bear 
directly on the constitution and the properties of matter. The next 

A 2 
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three books contain a series of theorems and of problems on the laws 
of motion of elementary substances. In the sixth and seventh^ the 
mechanical constitution of molecules is investigated and determined: 
and by it the general properties of bodies are explained. The eighth 
book traits of luminiferous ether. The ninth explains some special 
properties of bodies. The tenth and eleventh contain a radical and 
lengthy investigation of chemical principles and relations^ which 
may lead to practical results of high importance. The twelfth and 
last book treats of molecular masses, distances, and powers. 

Boole. — Works by G. Boole, D.C.L, F.R.S., Professor of 
Mathematics in the Qucen*s University, Ireland : — 

A TREATISE ON DIFFERENTIAL EQUATIONS. Third 
Edition. Edited by I. Todhunter. Crown 8vo. cloth. 141. 
Professor Boole has endeavoured in this treatise to convey as complete 
an account of the present state of knowledge on the subject of Dif 
ferential Equations, as was consistent with the idea of a work in- 
tended, primarily, for elementary instruction. The earlier sections 
of Mch chapter contain that kind of matter which has usually been 
thought suitable for t/ie beginner, while the latter ones are devoted 
either to an account of recent discovery, or the discussion of such 
deeper questions of principle as are likely to present themsdves to the 
reflective student in connection with the methods and processes of his 
previous course. **A treatise incomparably superior to any other 
elementary book on the subject with which we are acquainted^* — 
Philosophical Magazine. 

A TREATISE ON DIFFERENTIAL EQUATIONS. Supple- 
mentar)' Volume. Edited by I. Todhunter. Crown 8vo. cloth. 
&f . 6ar. 

This volume contains all that Professor Boole wrote for the purpose 
of enlarging his treatise on Differential Equations, 

THE CALCULUS OF FINITE DIFFERENCES. Crown 8vo. 
cloth. lOf. (id. New Edition revised. 

In this exposition of the Calculus of Finite Differences, particular 
attention has been paid to the connection of its methods with those of 
the Differential Calculus — « connection which in some instances 
involves far more than a merely formal analogy. The work is in 
some measure designed as a sequel to Professor Booths Treatise on 
Differential Equations. 
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Brook-Smith (J.)— ARITHMETIC IN THEORY AND 
PRACTICE. By J. Brook-Smith, M.A., LL.B., St. John's 
College, Cambridge ; Barrister-at-Law ; one of the Masters of 
Cheltenham College. Crown 8vo. 4?. 6d. 

Writers on Arithmetic at the Resent day feel the necessity 0/ explaining 
the principles on which the rules of the subject are basedy but few as 
yet feel the necessity of making these explanations strict and complete ; 
or ^ failing that^ of distinctly pointing out their defective character. 
If the science of Arithmetic is to be made an effective instrument in 
developing and strengthening the mental powers, it ought to be 
worked out rationally atul conclusively ; and in this work the 
author has endeavoured to reason out in a clear and accurate 
manner the leading propositions of the science^ and to illustrate and 
apply those propositions in prcu:tice. In the practical part of the 
subject he has advanced somew/iat beyond the majority of preceding 
writers; particularly in Division , in Greatest Comtnon Measure, 
in Cube Root, in the chapters on Decimal Money and the Metric 
System, and more especially in the application of Decimals to Per- 
centages and cognate subjects. Copious examples, origifi'al' dnd 
sel^ted, are given, 

Cambridge Senate-House Problems and Riders, 

WITH SOLUTIONS :— 

1848-1851.— PROBLEMS. By Ferrers and Jackson. 8vo. 
cloth. 15J. 6</. 

1848-1851.— RIDERS. By Jameson. 8vo. cloth. *is. 6d. 

1854— PROBLEMS AND RIDERS. By Walton and 
Mackenzie. 8vo. cloth, ioj. 6d. 

i857._PROBLEMS AND RIDERS. By Campion^ and 
Walton. 8vo. cloth. 8j. 6d. 

i860.— PROBLEMS AND RIDERS. By Watson and Rguth. 
Crown 8vo. cloth. 7j. dd. 

1864— PROBLEMS AND RIDERS. By Walton and Wil- 
kinson. 8vo. cloth. lOf. 6d. 

These volumes will be found of great value to Teachers and Students, 
as indicating the style and range of mathemcttcal study in the 
University of Cambridge. 

Cambridge and Dublin Mathematical Journal. 

The Complete Work, in Nine Vols. 8vo. cloth. 16/. \os. 
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Only a few copies remain on hand. Among contributors to this 
work will be found Sir W, Thomson^ Stokes^ Adams, Boole, Sir 
IV. R. Hamilton, De Morgan, Cayley, Sylvester, Jellet, and other 
distinguished mathematicians, 

Chcync— Works by C. H. H. Cheyne, M.A., F.R.A.S.:— 

AN ELE>fENTARY TREATISE ON THE PLANETARY 
THEORY. With a Collection of Problems. Second Edition. 
Crown 8vo. cloth. 6s. 6d. 

In this volume, an attempt has been made to produce a treatise on the 
Planetary theory, which, being elementary in character, should be 
so far complete as to contain all that is usually required by studetiis 
in the University of Cambridge. This Edition has been carefully 
revised. The stability of the Planetary System has been more fully 

• treHtid, and an degant geometrical explanation of the formula for 
the secular variation of the node and inclination has been in- 

^ troduced. 
^ . . 
. THE EARTH'S MOTION OF ROTATION. Crown 8vo. 
3J. 6d. 

The first part of this work consists of an application of the method of 
the variation of elements to the general problem of rotation. In the 
second part the general rotation formula are applied to the particular 
case of the earth, 

Childe.— THE SINGULAR PROPERTIES OF THE ELLIP- 
SOID AND ASSOCIATED SURFACES OF THE Nth 
DEGREE. By the Rev. G. F. Childe, M.A., Author of 
" Ray Surfaces," " Related Caustics," &c. 8vo. lor. dd. 

The object of this volume is to develop peculiarities in the Ellipsoid ; 
and, further, to establish analogous properties in the unlimited con- 
generii series of which this remarkable surface is a constituent. 

DodgSOn. — AN ELEMENTARY TREATISE ON DETER- 
MINANTS, with their Application to Simultaneous Linear 
Equations and Algebraical Geometry. By Charles L. Dodgson, 
M a., Student and Mathematical Lecturer of Christ Church, 
Oxford. Small 4to. cloth. lar. dd. 
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The object of the author is to present the subject as a continuous 
chain of argument, separated from all accessories of explanation 
or illustration. All such explanation and illustration as seemed 
necessary for a beginner are introduced either in the form of 
foot-notes, or, where that would have occupied too much room,, of 
Appendices. , 

Earnshaw (S., M.A.) — partial differential 

EQUATIONS. An Essay towards an entirely New Method of 
Integrating them. By S. Earnshaw, M.A., of St John's 
College, Cambridge. Crown 8vo. 5x. 

The peculiarity of the system expounded in this work is, that in every 
equation, whatever be the number of original independent variables, 
the work of integration is at once reduced to the use of otte indepen- 
dent variable only. The authot^s object is merely to render his 
method thoroughly intelligible. The various steps of the investiga- 
tion are all obedient to one general principle : and though in some 
degree novel, are not really difficult, but on the contrary, easy when 
the eye has become accustomed to the novelties of the notcUion. Afany 
of the results of the integrations are far more general than they were 
in the shape in which they appeared informer Treatises, and many 
Equations will be found in this Essay integrated ivith ease infinite 
terms, which were never so integrated before, 

Ferrers.— AN ELEMENTARY TREATISE ON TRILINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and the 
Theory of Projectors. By the Rev. N. M. Ferrers, M. A., Fellow 
and Tutor of Gonville and Caius College, Cambridge. Second 
Edition. Crown 8yo. 6j. dd, 

TJie object of the author in writing on this subject has mainly been io 
place it on a basis cdtogether independent of the ordinary Cartesian 
system, instead of regarding it as only a special form of Abridged 
Notation. A short chapter on Determinants has been introduced. 

Frost. — Works by Percival Frost, M.A., late Fellow of St. 
John's College, Mathematical Lecturer of King's College, Cam- 
bridge : — 

THE FIRST THREE SECTIONS OF NEWTON'S PRIN- 
CIPIA. With Notes and Illustrations. Also a Collection of 
Problems, principally intended as Examples of Newton's Methods. 
Second Edition. 8vo. cloth. loj. 6</. 
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Frost — continued. 

The author^ 5 principal intention is to explain difficulties which may le 
encountered by tht student on first reading the Principia, and to 
illustrate the adi'antages of a careful study of the methods employed 
by Ne7vton, by shelving the extent to which tkey may be applied in 
the solution of problems ; he has also endeavoured to give assistance 
to the student who is engaged in the study of the higher branches of 
mathematics^ by representing in a geometrical form several of the 
processes employed in the Differential and Integral Calculus^ and in 
the analytical investigations of Dynamics, 

AN ELEMENTARY TREATISE ON CURVE TRACING. 
8vo. I2J. 

The author has %vritten this book under the conviction that the skUl 
and power of the young mathemcUical student, in order io be 
thoroughly available afterwards, ought to be developed in all possible 
directions. The subject which he has chosen presents so many faces, 
pointing in directions towards which the mind of the intended 
mathematician has to radicUe, that it would be difficult to find 
another which, with a very limited extent of reading, combines, to 
the same extent, so many valuable hints, of methods of calctdaiions 
to bi employed hereafter, with so much pleasure in its present use. 
In order to understand the work it is not necessary to have much 
knowledge of what is called Higher Algebra, nor of Algebraical 
Geometry of a higher kind than that which simply rdates to the 
Conic Sections, From the study of a work like this, it is bdieied 
that the student will derive many advantages. Especially he will 
become skilled in making correct approximations to the values of 
quantities, which cannot be found exactly, to an^ degree of accuracy 
which may be required. 

Frost and Wolstenholme. — ^a treatise ON SOLID 

GEOMETRY. By Percival Frost, M.A., and the Rev. J. 
Wolstenholme, M.A., Fellow and Assistant Tutor of Christ' :i 
College. 8vo. cloth. \%s. 

Intending to make the subject accessible, at least in the earlier portions, 
to all classes of students, the authors have endeavoured to explain 
completely all the processes which are most useful in dealing with 
ordinary theorems and problems, thus directing the student io the 
selection of methods which are best adapted to the exigencies of each 
problem. In the more difficult portions of the subject, they hcve 
fofisidered themselves to be. addressing a higher class of stttdents ;■ 
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and they have there tried to lay a good foundation on which to 
buildf if any reader should wish to pursue the science beyond the 
limits to which the work extends. 

Godfray. — Works by Hugh Godfray, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge : — 

A TREATISE ON ASTRONOMY, for the Use of Colleges and 
Schools. 8vo. cloth. I2s. 6d. 

This book embraces all those branches of Astronomy which have^from 
time to time, been recommended by the Cambridge Board of Mathe- 
matical Studies : but by far the larger and easier portion, adapted 
to the first three days of the Examination for Honours, may be read 
by the more advanced pupils in many of our schools. The author's 
aivphas been to convey clear and distinct ideas of the celestial phe- 
nomena. "It is a working book" says the Guardian, "taking 
Astronomy in its proper place in the MathematiccU Sciences. . . . 
It is a book which is not likely to begot up unintelligently." 

AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of the Problem up to the time of 
Newton. Second Edition, revised. Crown 8vo. clotli. 5j. 6d, 

These pages will, it is hoped, form an introduction to more recondite 
works. Difficulties have been discussed at considerable length. The 
selection of the method follo7ved with regard to analytical solutions^ 
which is the same as that of Airy, Herschel, etc., was made on 
account of its simplicity ; it is, moreover, the method which has 
obtained in the University of Cambridge. "As an- elementary 
treatise and introduction to the subject, we think it may justly claim 
to supersede all former ones." — London, Edinburgh, and Dublin 
Phil. Magazine. 

Green (George).— MATHEMATICAL papers of the ^ 

LATE GEORGE GREEN, Fellow of Gonville and Caius 
College, Cambridge. Edited by N. M. Ferrers, M.A., Fellow 
and Tutor of Gonville and Caius College. 8vo. 15^. 
The publication of this book may be opportune at present, as several 

of the subjects with which they are directly or indirectly concerned 

have recently been introduced into the course of mathematical 

study at Cambridge. They have also an interest as being the work 

of. an almost entirely self taught mcUhematical geftiusi- The Papers 
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comprise the follcwiMg: — An Essay vn the applicatum of Matke' 
maticcd Analysis to the Theories of Electricity and Magnetism — 
On the Laws of the Equilibrium of Fluids analogous to the Electric 
Fluid — On the Determination of the Attractions of Ellipsoids of 
variaMe Densities — On the Motion of Waves in a variable Canal 
of small depth and width — On the Reflection and Refraction of 
Sound— On the Reflection and Refrctction of Light at the Common 
Surface of two Non^ Crystallized Media — On the Propagation of 
Light in Crystallized Media — Researches on the Vibrations of Pen- 
dulums in Fluid Media, ** It has been for some time recognized 
that Greet^s writings are amongst the most valuable mcUhematical 
productions we possess." — Athenaeum. 

Hemming. — an elementary treatise on the 

DIFFERENTIAL AND INTEGRAL CALCULUS. For the 
Use of Colleges and Schools. By G. W. Hemming, M.A., 
Fellow of St. John's Collie, Cambridge. Second Edition, with 
Corrections and Additions. 8vo. cloth, gs, 

** There u no book in common use from which so clear and exact a 
knowledge of the principles of the Calculus can be so readily ob- 
tained." — Literary Gazette. 

Jackson.— GEOMETRICAL CONIC SECTIONS. An Ele- 
mentary Treatise in which the Conic Sections are defined as the 
Plane Sections of a Cone, and treated by the Method of Projections. 
By J. Stuart Jackson, M. A., late Fellow of Gonville and Caius 
College. Crown 8vo. 4r. (id. 

This work has been written with a view to give the student the benefit 
of the Method of Projections as applied to the Ellipse and Hyper' 
bola. When this method is admitted into the treatment of Conic 
Sections there are many reasons why they should be defined, not 
with reference to the focus and directrix, but according to the 
original definition from which they have their name, as Plane 
Sections of a Cone. This method is calculated to produce a material 
simplification in the treatment of these curves and to make the proof 
of their properties more easily understood in the first instance and 
nwre aisily remembered. It is also a powerful instrument in the 
solution of a large class of problems relating to these curves. 
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Morgan.— A COLLECTION OF PROBLEMS AND EXAM- 
PLES IN MATHEMATICS. With Answers. By H. A. 
Morgan, M.A., Sadlerian and Mathematical Lecturer of Jesus 
College, Cambridge. Crown 8vo. cloth. 6s, 6d, 

This book contains a number of problems^ chiefly demeniaryy in the 
Mathematical subjects usuctlly read at Cambridge, They have been 
selected from the Papers set during late years at Jesus College, Very 
few of them are to be met with in other collections^ and by far the 
larger number are due to some of the most distinguish^ Mathe- 
maticians in the University, 

Newton's Principia.— 4to. cloth. 31^. 6d, 

It is a sufficient guarantee of the reliability of this complete edition of 
Newtor^s Principia that it has been printed for and under the care 
of Professor Sir William Thomson and Professor Blcukbumy of 
Glasgow University, The following notice is prefixed : — * * Finding 
that all the editions of the Principia are now out of prints we have 
been induced to reprint Newton^ s last edition \of 1 726] without note 
or commonly only introducing the^ * Corrigenda ' of the old copy and 
correcting typographical errors. ^^ The book is of a handsome size^ 
with large type^ fine thick paper, and cleanly-cut figures, and is 
the only recent edition containing the whole of NezvtorCs great 
work, 

Parkinson. — Works by S. Parkinson, D.D., F.R.S., Fellow 
and Tutor of St. John's College, Cambridge : — 

AN ELEMENTARY TREATISE ON MECHANICS. For the 
Use of the Junior Classes at the University and the Higher Classes 
in Schools. With a Collection of Examples. Fourth Edition, 
revised. Crown 8vo. cloth. 9J. 6d, 

In preparing a fourth edition of this work the author has kept the 
satne object in view as he had in the former editions — namely, to in- 
clude in it such portions of Theoretical Mechanics as can be con- 
veniently investigated without the use of the Differential Calculus, 
and so render it suitable as a manual for the junior classes in the 
University and the higher classes in Schools, With one or two short 
exceptions, the situlent is not presumed to require a knowledge of any 
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Parkinson— r^if//fffiA/. 

branches of Mathematics beyond the dements of Algebra^ Geomdry\ 
and Trigonometry. Several additional propositions have been in- 
corporated in the work for the purpose of rendering it more complete^ 
and the collection of Examples and Problems has been largely in- 
creased, 

A TREATISE ON OPTICS. Third Edition, revised and en- 
larged. Crown 8vo. cloth. lOr. td, 

A collection of Examples and Problems has been appended to this worky 
which are sufficiently numerous and varied in character to afford 
useful exercise for the ^student. For the greater part of them, re- 
course has been hcui to the Examination Papers set in the University 
and the several Colleges during the last twenty years, 

Phear.— ELEMENTARY HYDROSTATICS. With Numerous 
Examples. By J. B. Phear, M^A., Fellow and late Assistant 
Tutor of Clare Collie, Cambridge. Fourth Edition. Crown 8vo. * 
doth. 5j. (yd. 

This edition has been carefully revised throughout, and many new 
Illustrations and Examples added, which it is hoped will increase 
its usefulness to students at the Universities and in Schools. In ac- 
cordance with suggestions from many engaged in tuition, ansTvers to 
all the Examples have been given at the end of the book. 

Pratt.— A TREATISE ON ATTRACTIONS, LAPLACE'S 
FUNCTIONS, AND THE FIGURE OF THE EARTH. 
By John H. Pratt, M.A., Archdeacon of Calcutta, Author of 
"The Mathematical Principles of Mechanical Philosophy." Fourth 
Edition. Crown 8vo. cloth, ds. 6«/. 

7%^ author^ s chief design in this triatise is to give an answer to the 
question, ^^ Has the Earth acquired its present fortu from being 
originally in a fluid state V* This edition is a complete revision of 
the former ones. 

Puckle.— AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With numerous 
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Examples and Hints for their Solution ; especially designed for the 
Use of Beginners. By G. H. Puckle, M.A. New Edition, 
revised and enlarged. Crown 8vo. cloth, yj. 6d. 

TTUs work is recommended by the Syndicate of the Cambridge Local 
Examinations. The Athenaeum says the author ** displays an 
intimate acqttaintance with the difficulties likely to be felt^ together 
with a singular aptitude in removing them,''* 

Routh.— AN ELEMENTARY TREATISE ON THE DYNA- 
MICS OF THE SYSTEM OF RIGID BODIES. With 
numerous Examples. By Edward John Routh, M.A., late 
Fellow and Assistant Tutor of St. Peter's College, Cambridge ; 
Examiner in the University of London. Second Edition, enlarged. 
Crown 8vo. cloth. 14?. 

In this edition the author has made several aaditions to each chapter: 
he has tried, even at the risk of some little repetition^ to make each 
chapter f cu far as possible, complete in itsdf so that all that relates 
to any one part of the subject may be found in the same place. This 
arrangement will enable every student to select his own order in 
which to read the subject. The Examples which will be found at 
the end of each chapter have been chiefly sdKtedfrom the Examina* 
tion Papers which have been set in the University and the Colleges 
in the last few years. 

Smith's (Barnard) Works. — See Educational Cata- 
logue. 

Snowball.— THE elements of plane and SPHERI- 

CAL TRIGONOMETRY ; with the Construction and Use of 
Tables of Logarithms. By J. C. Snowball, M.A. Tenth 
Edition. Crown 8vo. cloth, yj. ()d. 

In preparing the present edition for the press, the text has been sub- 
jected to a careful revision ; the proofs of some of the more import* 
ant propositions have been rendered more strict and general ; and 
a considerable addition of more than two hundred examples, taken 
principally from the questions set of late years in the public exami'- 
nations of the University and of individual Colleges, has Been made 
to the collection of Examples and Problems for practice^ 
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Tait and Steele. — ^dynamics of a particle. With 

nnmerous Examples. By Professor Tait and Mr. Steele. New 
Edition. Crown 8to. doth. IQr. 6d, 

In this ireaiise will be found all the or^mtry propositions, connected 
with the Dynamics of Particles, which can be conveniently dedstcea 
withont the use of D*Alembert*s Principle, Throughout the book 
will be found a number of illustrative examples introduced in the 
text, and for the most part completdy worked oiU ; others with occa^ 
sional solutions or hints to assist the student are appended to each 
chapter. For by fhr the greater portion of these, the Cambridge 
Senate-House and College Examination Papers have been applied to, 

Taylor. — geometrical CONICS ; including An harmonic 
Ratio and Projection, with numerous Examples. By C. Taylor, 
B.A., Scholar of St. John's Coll^^e, Cambridge. Crown 8vo. 
cloth, ^s, 6d. 

Tikis work contains elementary proofs of the principal properties oj 
Conic Sections, together with chapters on Projection and Anharmonic 
Ratio, 

Todhunter. — Works by I. ToDHUNTER, M.A., F.R.S., of 
St. John's College, Cambridge : — 

*^ Perspicuous language, vigorous investigations, scrutiny of difficulties, 
and methodical treatment, characterize Mr, Todhunter^ s works. ^^ — 
Civil Engineer. 

THE ELEMENTS OF EUCLID; MENSURATION FOR 
BEGINNERS; ALGEBRA FOR BEGINNERS; TRIGO- 
NOMETRY FOR BEGINNERS; MECHANICS FOR 
BEGINNERS. — See Educational Catalogue. 

ALGEBRA. For the Use of Collies and Schools. Sixth Edition. 
Crown 8vo. cloth. *js, 6^/. 

This work contains all the propositions which are usually iftcluded in 
elementary treatises on Algebra, and a large number of Examples 
for Exercise. The author has sought to render the work easily in- 
telligible to students, without impairing the accuracy of the demon- 
strations, or contracting the limits of the subject. The Examples, 
about Sixteen hundred and fifty in number, have been selected with 



MA THEM A TICS. 1 5 



Todhunter {l.)—conHnued, 

a view to illustrate every part of the subject. The work will be 
found peculiarly adapted to the wants of students who are without 
the aid of a teacher. The Answers to the Examples, with hints 
for the solution of some in which assistance may be need&lf are 
given at the end of the book. In the present edition two New 
Chapters and Three hundred miscellaneous Examples have been 
added. ** It has merits which unquestionably place it first in the 
class to which it belongs. ^^ — Educator. 

KEY TO ALGEBRA FOR THE USE OF COLLEGES AND 
SCHOOLS. Crown 8vo. lor. (yd. 

AN ELEMENTARY TREATISE ON THE THEORY OF 
EQUATIONS. Second Edition, revised. Crown 8vo. cloth. 
*js. 6d. 

This treatise contains all the propositions which are usually included 
in elementary treatises on the theory of Equations^ together with 
Examples for exercise. These have been selected from the College 
and University Examination Papers, and the results have been 
given when it appeared necessary. In order to exhibit a compre^ 
hensvve view of the subject, the treatise includes investigations which 
are not found in all the preceding elementary treatises, and also 
some investigations which are not to be found in any of them. For 
the second edition the work has been revised and some additions 
have been made, the most important being an account of the 
Researches of Professor Sylvester respecting NewtofC s Rule. *' A 
thoroughly trustworthy, complete, and yet not too elaborate treatise." 
— Philosophical Magazine. 

PLANE TRIGONOMETRY. For Schools and Colleges. Fourth 
Edition. Crown 8vo. cloth. 5^. 

The design of this work has been to render the subject intelligible 
to beginners, and at the same time to afford the student the oppor^ 
tunity of obtaining all the information which he will require on 
this branch of Mathematics. Each chapter is followed by a set 
of Examples : those which are entitled Miscellaneous Examples, 
together with a few in some of the other sets, may be advantageously 
reserved by the student for exercise after he has made some progress 
in the subject. In the Second Edition the hints for the solution of 
the Examples have been considerably increased. 
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Todhunter {^.)-~^onHnued, 

A TREATISE ON SPHERICAL TRIGONOMETRY. Third 
Edition, enlarged. Croifm 8vo. cloth. 4r. dd. 

The present work is constrttcted on the same plan as the treatise on 
Plane Trigonometry^ to which it is intended as a sequel. In the 
account of Napier's Rules of circular parts^ an explanation hcts 
been given of a met f tod of proof devised by Napier, which seems to 
have been overlooked by most modem writers on the subject. Con- 
siderable labour has been bestowed on the text in order to render it 
comprehensive and accurctte^ and the Examples (selected chiefly 
from College Examination Papers) have all been carefully verified. 
** For educational purposes this work seems to be superior to any 
others on the subject.*^ — Critic. 

PLANE CO-ORDINATE GEOMETRY, as applied to the Straight 
Line and the Conic Sections. With numerous Examples. Fourth 
Edition, revised and enlarged. Crown 8vo. cloth. 7^. 6^. 

The author has here endeavoured to exhibit the subject in a simple 
manner for the benefit of beginners, and at the same time to include 
in one volume all that students usually require. In addition, 
therefore, to the propositions which have always appeared in such 
treatises, he has introduced the methods of abridged notation, 
which are of more recent origin : these methods, which are of a 
less elementary character than the rest of the work, are placed in 
separate chapters, and may be omitted by the student cU first. 

A TREATISE ON THE DIFFERENTIAL CALCULUS. 
With numerous Examples. Sixth Edition. Crown 8vo. cloth. 
lor. (id. 

The author has endeavoured in the present work to exhibit a compre- 
hensive view of the Differential Calculus on the method of limits. 
In the more elementary portions he has entered into considerable 
detail in the explanations, with the hope that a r^der wlto is without 
the assistance of a tutor may be enabled to acquire a competent ac- 
quaintance with the subject. TJie method adopted is thai of Dif- 
ferential Coefficients. To the different chapters are appended 
Examples sufficiently numerous to render another book unnecessary; 
these Examples being mostly selected from College Examination 
Papers. This and the following work have been translated into 
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Todhunter i^.)—conHnued. 

Italian by Professor Battagliniy who in his Preface speaks thus : — 
* * In publishing this translation of the Differential and Integral 
Calculus of Mr. Todhunter^ we have had no other object than to 
add to the books which are in the hands of the students of our Uni- 
versities, a work remarkable for the clearness of the exposition, the 
rigour of the demonstrations y the just proportion in the parts, and 
the rich store of examples which offer a large field for useful 



exercise.*^ 



A TREATISE ON THE INTEGRAL CALCULUS AND ITS 
APPLICATIONS. With numerous Examples. Third Edition, 
revised and enlarged. Crown 8vo. cloth. lOJ. dd. 

This is designed as a work at once elementary and complete, adapted 
for the use of beginners, and sufficient for the wants of advanced 
students. In the selection of the propositions, and in the mode 7j 
establishing them, it has been sought to exhibit the principles clearly, 
and to illustrate all their most important results. The process oj 
summation has been repeatedly brought forward, with the view 
of securing the attention of the student to the notions which form the 
true foundation of the Calculus itself as well as of its most 
valuable applications. Every attempt has been mMle to explain those 
difficulties which usually perplex beginners, especially with reference 
to the limits of integrations. A new method has been adopted in 
regard to the transformation of multiple integrals. The Ictst chapter 
deals with the Calculus of Variations. A large collection of Exer- 
cises, selected from College Examination Papers, hc^ been appended 
to the several chapters. 

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE 
DIMENSIONS. Third Edition, revised. Crown 8vo. cloth, ^r. 

A TREATISE ON ANALYTICAL STATICS. With numerous 
Examples. Third Edition, revised and enlarged. Crown Sv^,. 
cloth. loj. dd. 

In this work on Statics (treating of the laws of the equilibrium oj 
bodies) will be found all the propositions which usually appear in 
treatises on Theoretical Statics. To the different chapters Examples 
are appended, which have been principally selected from^ University 
Examination Papers. In the Third Edition many additions have 
been made, in order to illustrate the application of the principles of 
the subject to the solution of problems. 

B 
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A HISTORY OF THE MATHEMATICAL THEORY OF 
PROBABILITY, from the Time of Pascal to that of Laplace. 
8vo. i&r. 

T^ subject of this work has high claims to consideration on account 
of the subtle problems which it involves^ the valuable contributions 
to analysis which it has produced^ its important practical applica* 
tions, and the eminence of those who have cultivated it ; nearly 
every great mathematician within the range of a century and 
a half comes under consideration in the course of the history. The 
jouthor has endeavoured to be quite accurate in his statements^ and 
to reproduce the essential dements of the original works which he 
has analysed. Besides being a history^ the work may claim the title 
of a comprehensive treatise on the Theory of Probability^ for it 
assumes in the reader only so much knowledge as can be gained from 
an elementary book on Algebra^ and introduces him to almost every 
process and every special problem which the literature of the subject 
can furnish, 

RESEARCHES IN THE CALCULUS OF VARIATIONS, 
Principally on the Theory of Discontinuous Solutions : An Essay 
to which the Adams' Prize was awarded in the Uniyersity of 
Cambridge in 1871. 8vo. dr. 

The subject of this Essay was prescribed in the following terms by the 
Examiners : — **A determination of the circumstances under which 
discontinuity of any kind presents itself in the solution of a problem 
of mcucimum or minimum in the Calculus of Variations^ and 
applications to particular instances. It is expected that the discus- 
sion of the instances should be exemplified cu far as possible geo- 
metrically^ and that attention be especially directed to cases of real or 
supposed failure of the Calculus, ^^ While the Essay is thus mainly 
devoted to the consideration of discontinuous solutions, various 
other questions in the Calculus of Variations are examined and 
elucidated; and the author hopes he has definUdy contributed to the 
extension and improvement of our knowledge of this refined depart- 
ment of analysis, 

A HISTORY OF THE MATHEMATICAL THEORIES OF 
ATTRACTION, and the Figure of the Earth, from the time of 
I Newton to that of Laplacet Two vols. 8vo. 24X. 
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Wilson (W. P.)— A TREATISE ON DYNAMICS. By 

. W. P. Wilson, M.A., Fellow of St. John's College, Cambridge, 

and Professor of Mathematics in Queen's College, Belfast. 8vo. 

Wolstenholmc— A BOOK OF MATHEMATICAL 
PROBLEMS, on Subjects included in the Cambridge Course. 
By Joseph Wolsten holme, Fellow of Christ's College, some 
time Fellow of St. John's College, and lately Lecturer in Mathe- 
matics at Christ's College. Crown 8vo. cloth. 8j. (id. 

Contents : — Geometry (Euclid) — Algebra — Plane Trigonometry^- 
Geometrical Conic Sections — Analytical Conic Sections — Theory of 
Equations — Differential Calculus — Integral Calculus — Solid Geo* 
metry — Statics — Elementary Dynamics — Newton — Dynamics of a 
Point — Dynamics of a Rigid Body — Hydrostatics — Geometrical 
Optics — Spherical Trigonometry and Plane Astronomy, In some 
cases the author hcts prefixed to certain classes of problems frag* 
mentary notes on the mathematical subjects to which they relate, 
** yudicious, symmetrical^ and well arranged,^* — Guardian. 
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PHYSICAL SCIENCE, 

Airy (G. B.)— popular astronomy. With lUustrations. 
By Sir G. B. Airy, K.C.B., Astronomer Royal. Seventh and 
cheaper Edition. i8mo. cloth. 4r. (xi. 

This work consists of Six Lectures, which are intended ^*to explain 
to intelligent persons the principles on which the instruments of an 
Observatory are constructed (omitting ail details, so far as they are 
merely subsidiary), and the principles on which the observations 
made with these instruments are treated for deduction of the distances 
and weights of the bodies oj the Solar System, and of a few stars, 
omitting all minutice of formula, and all troublesome details of 
calculation.^^ The speciality of this volume is the direct reference of 
every step to the Observatory, and the full description of the methods 
and instruments of observation. 

Bastian. — Works by H. Charlton Bastian, M.D., F.R.S., 
Professor of Pathological Anatomy in University College, London, 
etc. : — 

THE MODES 0"F ORIGIN OF LOWEST ORGANISMS: 
Including a Discussion of the Experiments of M. Pasteur, and a 
Reply to some Statements by Professors Huxley and Tyndall. 
Crown 8vo. 4?. 6d. 

The present volume contains a fragment of the evidence which will be 
embodied in a much larger work — now almost complete — relating to 
the nature and origin of living matter, and in favour of what is 
termed the Physical Doctrine of Life. ^^ It is a work worthy of the 
highest respect, and places its author in the very first class of scientific 
physicians. . . . It would be difficult to name an instance in which 
skill, knowledge, perseverance, and great reasoning power hceve been 
more happily applied to the investigation of a complex ^logical 
problem." — British Medical Journal. 
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Bastian (H. Q.)— continued. 

THE BEGINNINGS OF LIFE: Being some Account of the 
Nature, Modes of Origin, and Transformations of Lower Organ- 
isms. In Two Volumes. With upwards of 100 Illustrations, 
Crown 8vo. 28j. 

These volumes contain the results of several yeari investigation on the 
Origin of Life, and it was only after the author had proceeded 
some length with his observations and experiments that he was 
compelled to change the opinions he started with for those announced 
in the present work — the most important of which is that in favour 
of " spontaneous generation " — the theory that life has never ceased 
to be actually originated. The First Part of the work is intended 
to show the general reader, more especially, that the logical conse- 
quences of the flow commonly accepted doctrines concerning tie 
** Conservation of Energy " and the ** Correlation of the Vital and 
Physical Forces " are wholly favourable to the possibility of the in- 
dependent origin of ^^living^^ mailer. It also contains a view of 
the ** Cellular Theory of Organisation" In the Second Part of 
the work, under the head *^ Archebiosis,^^ the question as to the 
present occurrence or non-occurrence of ** spontaneous generation " 
is considered, ** It is a book thai cannot be ignored, and must 
inevitably lead to renewed discussions and repeated observations, and 
through these to the establishment of truth," — A. R. Wallace in 
Nature. 

Birks (T. R.)— ON MATTER AND ETHER ;'or. The Secret 
Laws of Physical Change. By Thomas Rawson Birks, M.A., 
Professor of Moral Philosophy in the University of Cambridge. 
Crown 8vo. $s, 6d. 

The author believes that the hypothesis of the existence of, besides tnatter, 
a luminous ether, of immense elastic force, supplies the true and suf- 
ficient key to the remaining secrets of inorganic matter, of the phe- 
nomena of light, electricity, etc. In this treatise the author endea- 
vours first to form a clear and definite conception with regard to the 
real nature both of matter and ether, and the laws of mutual action 
which must be supposed to exist between them. He then endeavours 
to trace out the main consequences of the fundamental hypothesis, 
and their correspondence with the known phenomena of physical 
change. 
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Blanford (W. T.>— geology and zoology of 

ABYSSINIA. By W. T. Blanford. 8yo. 21s, 

This work contains an account of the Geological and Zoological Obser- 
vations nuuU by the author in Abyssinia^ when accompanying- the 
British Army on its march to Magdala and back in 1868, and 
during a short journey in Northern Abyssinia, after the departure 
of the troops. Part I. Personal Narrative; Part II, Geology; 
Part III, Zoology, With Coloured Illustrations and Geologicctl 
Map. **The result, of his labourSf** the Academy jayj, "£r an 
important contribution to the natural history of the country. " 

Clodd.— THE CHILDHOOD OF THE WORLD : a Simple 
Account of Man in Early Times. By Edward Clodd, F. R. A. S, 
Second Edition. Globe 8vo. 3^. 

" Likely, we think, to prove acceptable to a large and growing class of 
readers.^^VtM Mall Gazette. 

Professor Max Muller, in a letter to the Author, says ; " / read 
your book with great pleasure, I have no doubt it will do good, 
and I hope you will continue your work. Nothing spoils our temper 
so much as having to unlearn in youth, manhood, and even old 
age, so many things which we were taught as children. A booh 
like yours will prepare afar better soil in the child's mind, and I 
was delighted to have it to read to my children." 

Cooke (Josiah P., Jun.)— first principles of 

CHEMICAL PHILOSOPHY. By Josiah P. Cooke, Jun., 
Ervine Professor of Chemistry and Mineralogy in Harvard College. 
Crown 8vo. 12s. 

The object of the author in this book is to present the philosophy of 
Chemistry in such a form thai it can be made with profit the subject 
of College recitations, and furnish the teacher with the means of 
testing the student* s faithfulness and ability , With this view the 
subject has been developed in a logical order, and the principles of 
the science are taught independently of the experimented evidence on 
\thich they rest, 

Cooke (M. C.)— HANDBOOK OF BRITISH FUNGI, 
with full descriptions of all the Species, and Illustrations of the 
Genera. By M. C. Cooke, M.A. Two vols, crown 8vo. 245. 
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During the thirty-five years that have elapsed since the appearance of 
the last complete Mycdogic Flora no attempt has been made to revise 
itf to incorporate species since discovered, and to bring it up to the 
standard of modem science. No apology, therefore, is necessary for 
the present effort, since all wUl admit that the want of such a 
manucd has long been felt, and this work makes its appearance 
under the advantage that it seeks to occupy a place which has long 
been vacant. No effort has been spared to make the work worthy 
if confidence, and, by the publication of an occasional supplement, 
it is hoped to maintain it for many years as the ** Handbook^* 
for every student of British FungL Appended is a complete alpha" 
betical Index of all the divisions and subdivisions of the Fungi 
noticed in the text. The book contains £^ figures. ** Will main- 
tain its place as the standard English book, on the subject of which 
it treatSy for many years to come,** — Standard. 

DawkinS,— CAVE-HUNTING : Researches on the Evidence of 
Caves respecting the Early Inhabitants of Europe. By W. Boyd 
Dawkins, F.R.S. Illustrated. 8vo. [In the Press, 

Dawson (J. W.)— ACADIAN geology. The Geologic 
Structure, Organic Remains, and Mineral Resources of Nova 
Scotia, New Brunswick, and Prince Edward Island. By John 
William Dawson, M.A., LL.D., F.R.S., F.G.S., Principal and 
Vice-Chancellor of M'Gill College and University, Montreal, &c. 
Second Edition, revised and enlarged. With a Geological Map 
and numerous Illustrations. 8vo. i&r. 

The object of the first edition of this work was to place within the 
reach of the people of the districts to which it relates, a popular 
account of the more ra:ent discoveries in the geology and mineral 
resources of their country, and at the same time to give to geologists 
in other countries a connected view of the structure of a very in- 
teresting portion of the American Continent, in its relation to 
general and theoretical Geology. In the present edition, it is hoped this 
design is still more completely fulfilled, with reference to the present 
more cuivanced condition of knowledge. The author has endea- 
voured to convey a knowledge of the structure and fossils of the 
region in such a manner as to be intelligible to ordinary raiders, 
and has devoted much attention to all questions relating to the nature 
and present or prospective value of deposits of useful minerals. 
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Besidfs a large coloured Geological Map of the district^ the work 
is illustrated by upwards of 260 cuts of sections^ fossils^ animals, 
etc, ** The book will doubtless fnd a place in the library , not only 
of the scientific geologist, but also of all who are desirous of the in- 
dustrial progress and commercial prosperity of the Acadian pro- 
vinces, " — M ining Journal. * * A style at once popular and scientific. 
. . . A valuable addition to our store of geological knowledge.''^ — 
Guardian. 

Flower (W. H.)— an introduction to the oste- 
ology OF THE MAMMALIA. Being the substance of the 
Course of Lectures delivered at the Royal Collie of Surgeons 
of England in 1870. By W. H. Flower, F.R.S., F.R.C.S., 
Hunterian Professor of Comparative Anatomy and Physiology. 
With numerous Illustrations. Globe 8vo. 7/. dd. 

Although the present work cotUains the substance of a Course of Lectures, 
the form, has been changed, so as the better to adapt it as a hand- 
book for students. Theoretical zneius have been almost entirely ex- 
eluded: and while it is impossible in a scientific treatise to avoid the 
employment of technical terms,^ it has been the author's endeavour to 
use no more than absolutely necessary, and to exercise due care in 
selaUng only those that seem most appropriate, or which have re- 
ceived the sanction of general adoption. With a very few excep- 
tions the illustrations have been drawn expressly for this work from, 
specimens in the Museum of the Royal College of Surgeons. 

Galton. — Works by Francis Galton, F.R.S. :— 

METEOROGRAPHICA, or Methods of Mapping the Weather. 
Illustrated by upwards of 600 Printed Lithographic Diagrams. 
4to. 9J. 

As Mr. Galton entertains strong views on the necessity of Meteorolo- 
gical Charts and Maps, he determined, as a practiced proof of what 
could be done, to chart the entire area of Europe, so far as meteorological 
stations extend, during one month, viz. the month of December, 1861. 
Mr. Galton got his data from authorities in every part of Britain 
and the Continent, and on the basis of these has here drawn up 
nearly a hundred different Maps and Charts, showing the state of 
the weather all over Europe during the above period. ^^ If the 
various Governments and scientific bodies would perform for the 
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whole world for two or three years what, at a great cost and labour, 
Mr, Galton has done for a part of Europe for one month. Meteoro- 
logy would soon cease to be made a joke of^^ — Spectator. 

HEREDITARY GENIUS : An Inquiry into its Laws and Con- 
sequences. Demy 8vo. 12s, 

^^ I propose,*^ the author says, ^^ to show in this book that a mau^s 
natural abilities are derived by inheritance, under exactly the satne 
limitations as are the form and physical features of the whole organic 
world, I shall show thctt social agencies of an ordinary character, 
whose influences are little suspected, are at this moment working 
towards the degradation of human nature, and that others are 
working towards its improvement. The genercU plan of my argu- 
ment is to show that high reputation is a pretty accurate test of high 
ability ; next, to discuss the relationships of a large body of fairly 
eminent men, and to obtain from these a general survey of the laws 
of heredity in respect of genius. Then will follow a short chapter, 
by way of comparison, on the hereditary transmission of physical 
gifts, as deduced from the relationships of certain classes of oarsmen 
and wrestlers. Lastly, I shall collcUe my results and draw conclu- 
sions.^^ The Times calls it *^ a most able and most interesting 
book;" and Mr. Darwin, in his ^^ Descent of Man" (vol. i./. iii^, 
says, " We know, through the admirable labours of Mr, Galton, 
that Genius tends to be inherited." 

Geikie (A.)— SCENERY OF SCOTLAND, Viewed in Connec- 
tion with its Physical Geography. With Illustrations and a new 
Geological Map. By Archibald Geikie, Professor of Geology 
in the University of Edinburgh. Crown 8vo. loj. dd, 

** We can confidently recommend Mr. Geiki^s work to those who wish 
to look below the surface and read the physical history of the Scenery 
of Scotland by the light of modem science." — Saturday Review. 
" Amusing, picturesque, and instructive." — Times. 

Guillemin.— THE FORCES OF NATURE : A Popular Intro- 
duction to the Study of Physical Phenomena. By Am^d^e 
Guillemin. Translated from the French by Mrs. Norman 
LocKYER ; and Edited, with Additions and Notes, by J. Norman 
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LoCKYER, F.R.S. Ulastnited by ii Coloured Plates and 455 
Woodcuts. Second Edition. Imperial 8to. doth, extra gilt. 
31J. 6d. 



Af. GmUemin is already weil known in this country as a most success- 
ful populariser of the results of accurate scientific research^ his 
works ^ while eloquent^ intdligible^ and interesting to the general 
reader^ being thoroughly trustworthy and up to date. The present 
work consists of Seven Books, each divided into a number of 
Chapters, the Books treating respectively of Grteoity, Sound, 
Ught, Heat, Magnetism, Electricity, and Atmospheric Mdeors. 
The programme of the work has not been confined to a simple 
ex^nation of the facts : but an attempt has been made to grasp 
their relative bearings, or, in other words, their laws, and that 
too without taking for granted that the reader is acquainted 
with mathematics. " The author^ s aim has been to smooth the way 
for those who desire to extend thar studies, astd likewise to present 
to general reefers a sufficiently exact and just idea of this branch of 
science.^'* — Daily News. " Translator and Editor have done 
justice to their trust. The text has all the force and flow of original 
writing, combining faithfulness to the authot's meaning with 
purity and independence in regard to idiom ; while the historical 
precision and accuracy pervading the work throughout^ speak of the 
watchful editorial supervision which has been given to every scientific 
detail. Nothing can wdl exceed the clearness and ddicacy of the 
illustrative woodcuts^ borrowed from the French edition, or the 
purity and chromatic truth of the coloured plates. Altogether, the 
work may be said to have no paredld, either in point of fulness or 
attraction, as a popular manned of physical science, .... 
What we fed, however, bound to say, and what we say with 
pleasure, is, that among works of its class no publication can stand 
comparison either in literary completeness or in artistic grace with 
it," — Saturday Review. 



Henslow.— THE theory of evolution of living 

TIIINGSi and the Principles of Evolution applied to Religion, 
considered as Illustrative of .the Wisdom and Beneficence of the 
Almighty. By the Rev. George Henslow, M.A., F.R.S. 
Crown 8vo. 6s. 
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Hooker (Dr.)— THE STUDENTS FLORA OF THE 
BRITISH ISLANDS. By J. D. Hooker, C.B., F.R.S., 
M.D., D.C.L., Director of the Royal Gardens, Kew. Globe 8vo. 
lor. bd. 

The object of this work is to supply students and fidd-botanists with a 
fuller account of the Plants of the British Islands than the manuals 
hitherto in use aim at giving. The Ordinal^ Generic, and Specific 
characters have been re-written, and are to a great extent original, 
and drawn from living or dried specimens, or both. * * Cannot fail to 
perfectly fulfil the purpose for which it is intended" — Land and 
Water. ' * Containing the fullest and most accurate manucd of the 
kind that has yet appeared."— V9l\ Mall Gazette. 

Huxley (Professor). — ^lay sermons, addresses, 

AND REVIEWS. By T. H. Huxley, LL.D., F.RS. New 
and Cheaper Edition. Crown 8vo. *js. 6d, 

Fourteen Discourses on the following subjects: — (i) On the Advisable- 
ness of Improving Natural Knowledge: — (2) Emancipation — . 
Bl€u:k and White : — (3) A Liberal Education, and where to find 
it: — (4) Scientific Education: — (5) On the Educational Value of 
the Natural History Sciences: — (6) On the Study of Zoology: — 
(7) On the Physical Basis of Life:— {^) The Scientific Aspects oj 
Positivism:— {cf^ On a Piece of Chalk: — (10) Geological Contem- 
poraneity and Persistent Types of life : — ( 11) Geological Reform : — 
(12) The Origin of Species :^{12) Criticisms on the " Origin of 
Species:" — (14) On Descartei ** Discourse touching the Method of 
using On^s Reason rightly and of seeking Scientific Truth." The 
momentous influence exercised by Mr. Huxley s writings on physical, 
mental, and social science is universally acknowledged : his works 
must be studied by all who would comprehend the various Jrifts of 
modem thought, 

ESSAYS SELECTED FROM LAY SERMONS, ADDRESSES, 
AND REVIEWS. Crown 8vo. \s. 

This volume includes Numbers i, 3, 4, 7, 8, and 14, of the aboz'e. 

CRITIQUES AND ADDRESSES. 8vo. lOr. 6d. 

These ** Critiques and Addresses," like the " Lay Sermons," etc., pub- 
lished three years ago, deal chiefly with educational, scientific, and 



28 SC/ENT/F/C CA TALOGUE. 



Huxley (Profcssor)-^,;«A,»«^t/. 

philosophical subjects ; and, in /act, as the author says, ^^ indurate 
the high'Water mark of the various tides of occupation by rvkich I 
have been carried along since the beginning of the year 1870." T'he 
following is the list of Contents: — I. Administrative Nihilism, 

2. The School Boards: what they can do, and what they may do, 

3. On MediccU Education. 4. Yeast. 5. On the Formation of 
Coal, 6. On Coral and Coral Reefs, 7. On the Methods and 
Results of Ethnology, 8. On some Fixed Points in British Eth- 
nology. 9. Paleontology and the Doctrine of Evolution. 10. 
Biogenesis and Abiogenesis. ii. Air. Darwin^ s Critics, 12. The 
Genealogy of Animals, 13, Bishop Berkely on the Metaphysics of 
Sensation, 

LESSONS IN ELEMENTARY PHYSIOLOGY. With numerous 
Illustrations. New Edition. i8mo. clotK 4;. 6</. 

This book describes and explains, in a series of graduated lessons, the 
principles of Human Physiology, or the Strtuture and Functions 
of the Human Body. The first lesson supplies a general view of 
the subject. This is followed by sections on the Vascular or Venous 
System, and the Circulation ; the Blood and the Lymph ; Respira- 
tion : Sources of Loss and of Gain to the Blood ; the Function of 
Alimentation; Motion and Locomotion; Sensations and Sensory 
Organs ; the Organ of Sight ; the Coalescence of Sensations with 
one another and with other States of Consciousness ; the Nervous 
System and Innervation ; Histology, or the Minute Structure of 
the Tissues. A Table of Anatomical and Physiological Constants 
is appended. The lessons are fully illustrated by numerous en- 
gravings. The new edition has been thoroughly revised, and a con- 
siderable number of new illustrations added: several of these have 
been taken from the Rabbit, the Sheep, the Dog, and the Frog, in order 
to aid those who attempt to make their knowledge real, by acquiring 
some practical c^quaintance with the facts of Anatomy and Physi- 
ology. ** Pure gold throughout.^^ — Guardian. ** Unquestionably 
the clearest and most complete elementary treatise on this subject 
that we possess in any language."*^ — Westminster Review. 

Jellet (John H., B.D.) — a treatise on the 

THEORY OF FRICTION. By John H. Jellet, B.D., 
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Senior Fellow of Trinity College, Dublin ; President of the Royal 
Irish Academy. 8vo. 8j. 6d, 

The Theory of Friction, considered as a part of kaiional Mechanics^ 
has not^ the author thinks, received the attention which it deserves. 
On this account many students have been probably led to regard 
the discussion of this force as scarcely belonging to Rcdional 
Mechanics at cUl ; whereas the theory of friction is as truly apart 
of that subject as the theory of gravitation. The force with which 
this theory is concerned is subject to laws as definite, and as fully 
susceptible of mathematical expression, as the force of gravity. 
This book is taktn up with a special investigation of the laws oj 
friction ; and some of the principles contained in it are believed to 
be here enunciated for the first time. The work consists of eight 
Chapters cLs follows : — /. Definitions and Principles, II. Equili^ 
brium with Frictions, III. Extreme Positions of Equilibrium, 
IV. Movement of a Particle or System of Particles. V, Motion 
of a Solid Body, VI, Necessary and Possible Equilibrium, VII, 
Determination of the Actual VcUue of the Acting Force of Friction, 
VIII, Miscellaneous Problems ^^i. Problem of the Top, 2. Friction 
Wheels and Locomotives, 3. Questions for Exercise, ** The book 
supplies a want which has hitherto existed in the science of pure 
mechanics. " — Engineer, 

Jones.— THE OWENS COLLEGE JUNIOR COURSE OF 
PRACTICAL CHEMISTRY. By Francis Jones, Chemical 
Master in the Grammar School, Manchester. With Preface by 
Professor RoscoE. i8mo. with Illustrations. 2s, 6di 

Kingsley.— GLAUCUS : OR, THE WONDERS OF THE 
SHORE. By Charles Kingsley, Canon of Westminster. 
New Edition, revised and corrected, with numerous Coloured 
Plates. Crown 8vo. 5^. 

Kirchhoff (G.)— RESEARCHES ON THE SOLAR SPEC- 
TRUM, and the Spectra of the Chemical Elements. By G. 
Kirchhoff, Professor of Physics in the University of Heidelberg. 
Second Part. Translated, with the Author's Sanction, from the 
Transactions of the Berlin Academy for 1862, by Henry R. 
RoscOE, B.A., Ph.D., F.R.S., Professor of Chemistry in Owens 
College, Manchester. Part II. 4to. 5^. 



30 SCIENTIFIC CATALOGUE. 

**It is to Khrchhejfwe areindtiUdforbyfar the hat and most accurate 
observations of these phenomena,** — Edin. Review. ** This memoir 
seems almost indispensable to every Spectrum observer** — Philo- 
sophical Magazine. 

Lockyer (J. N.)— Works by J. Norman Lockyer, F.R.S. — 
ELEMENTARY LESSONS IN ASTRONOMY. With nu- 
merous Illustrations. New Edition. i8mo. ^s, 6d. 

The author has here aimed to give a connected view of the whole subject, 
and to supply facts, and ideas founded on the facts, to serve as a basts 
for subsequent study and discussion. The chapters treat of the 
Stars and Nebula; the Sun; the Solar System; Apparent Move- 
ments of the Heavenly Bodies; the Measurement of Time; Light ; 
the Tdescope and Spectroscope; Apparent Places of the Heavenly 
Bodies; the Real Distances and Dimensions ; Universal Gravitation, 
The most recent Astronomical Discoveries are incorporated, Mr, 
Lockyer' s work supplements that of the Astronomer Royal, ** The 
book is full, clear, sound, and worthy of attention, not only as a 
popular exposition, but as a scientific * Index,*" — Athenaeum. 
** The most fascinating of dementary books on the Sciences,** — 
Nonconformist. 

THE SPECTROSCOPE AND ITS APPLICATIONS. By J. 
Norman Lockyer, F.R.S. With Coloured Plate and numerous 
Illustrations. Second Edition. Crown 8vo. y, 6d. 

This forms Volume One ^"Nature Series** a' series of popular 
Scientific Works now in course of publication, consisting of popular 
and instructive works, on particular scientific subjects — Scientific 
f* Discovery, Applications, History, Biography — by some of the 

most eminent scientific men of the day. They will be so written as 
to be interesting and intelligible even to non-scientific readers, Mr, 
Lockyei^s work in Spectrum Anedysis is widely known. In the 
present short treatise will be found an exposition of the principles 
on which Spectrum Analysis rests, a description of the various 
kiftds of Spectroscopes, and an account of what has cdready been 
done with the instrument, as well as of what may yet be done both 
in science and in the industrial art, 

CONTRIBUTIONS TO SOLAR PHYSICS. With numerous 
Illustrations. Royal 8vo., uniform ^I'ith Roscoe's '* Spectrum 
Analysis," Thompson's "Depths of the Sea," and Ball's "Me- 
chanics." 3 1 J. td. 
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Macmillan (Rev. Hugh). — For other Works by the same 
Author, see Theological Catalogue. 

HOLIDAYS ON HIGH LANDS ; or, Rambles and Incidents in 
search of Alpine Plants. Crown 8va cloth. 6s, 

• 

T^e aim of this book is to impart a general idea of the origin, cha* 
racter, and distribution of those rare and beautiful Alpine plants 
which occur on the British hills, and which are found almost every * 
where on the lofty mountain chains of Europe, Asia, Africa, and 
America, In the first three chapters the peculiar vegetation of the 
Highland mountains is fully described; while in the remaining 
chapters this vegetation is traced to its northern cradle in the moun- 
tains of Norway, and to its southern European termination in the 
Alps of Switzerland, The information the author has to give is 
conveyed in a setting of personal adventure, *^ One of the most 
charming books of its kind ever written,** — Literary Churchman. 
** Mr, M,*s gioTtnng pictures of Scandinavian scenery,** — Saturday 
Review. 

FOOT-NOTES FROM THE PAGE OF NATURE. With 
numerous Illustrations. Fcap. 8vo. 5x. 

" Those who have derived pleasure and profit from the study offhwers 
and ferns — subjects, it is pleasing to find, now everywhere popular 
— by descending lower into the arcana of the vegetable kingdom, 
will find a still more interesting and delightful fidd of research in 
the objects brought under review in the following pages,** — Preface. 
" The naturalist and the botanist will delight in this volume, and 
those who understand little of the scientific parts of the work will 
linger over the mysterious page of nature here unfolded to their 
view,**^Johxi Bull. 

Mansfield (C. B.)— a THEORY OF SALTS. A Treatise 
on the Constitution of Bipolar (two-membered) Chemical Com- 
poands. By the late Charles Blachford Mansfield. Crown 
8vo. I4r. 

** Mansfield,** says the editor, ** wrote this book to defend the prin» 
ciple that the fact of voltaic decomposition afforded the true indi* 
cation, if properly interpreted, of the nature of the saline structure, 
and of the atomicity of the dements that built it up. No chemist 
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will ptruse this book without feding that he is in the presence of an 
original thinker, whose pages are continually suggestive, even 
though their general argument may not be entirely concurrent in 
direction vnth that of modem chemical thought,** 

Miller.— THE romance of astronomy. By R. Kalley 
Miller, M.A., Fellow and Assistant Tutor of St. Peter's Col- 
lege, Cambridge. Crown 8vo. ys, 6d, | 

'* On the whole, the information contained is of a trustworthy cha- , 

racter^ and we cordially recommend it to the perusal of those who, \ 
without being in possession of the knowledge requisite for discussing 

astronomical theories, or the means by which they are arrived at, \ 

are yet desirous of becoming acquainted with some of the most i 

interesting of astronomical conclusions, " — Athenaeum. i 

Mivart ( St. George). — works by St. Georg* Mivaiit, f.r.s. 

etc., Lecturer in Comparative Anatomy at St. Mary's Hospital:— 

« 

ON THE GENESIS OF SPECIES. Crown 8vo. Second 
Edition, to which notes have been added in reference and repl^ to 
Darwin's "Descent of Man.'' With numerous Illustrations, pp. 
XV. 296. 9x. 

TTu aim of the author is to support the doctrine that the various 
species have been evolved by ordinary natural laws (for the most 
part unknfjwn) controlled by the subordinate action of ^^ natural 
selection,** and at the same time to remind some that there is and 
can be absolutely nothing in physical science which forbids them to 
regard those naturcd laws as acting tuith the Divine concurrence, 
and in obedience to a creative fiat originally imposed on the primeval 
cosmos, " in the beginning,** by its Creator, its Upholder, and its 
Ijfrd. Nearly fifty woodcuts illusiraie the letter-press, and a com," 
plete index makes all references extremely easy. Canon Kingsley, 
in his address to the *^ Devonshire Association** says, **Let me re- 
commend earnestly to you, as a specimen of what can be said on the 
other side, the * Genesis of Species,* by Mr. St. George Mivart, 
F.R.S. , a book which I am happy to say has been received elsewhere 

• CLS it has deserved, and, I trust, will be received so among you** 
** In no work in the English language has this great controversy 
been treated at once with the same broad attd vigorous grasp of 
facts, and the same liberal and candid temper** — Saturday Review. 
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Mivart (St. Qi^^V%€)— continued, 

LESSONS IN ELEMENTARY ANATOMY. With upwards of 
400 Illustrations. i8mo. 6i-. dd. 

This volume is intended to form one of the series of Elementary Class- 
Books of Sciencey and the Lessons are intended^ in the first place for 
teachers and for earnest students of both sexes, not already acquainted 
luith human anatomy. The author has endeavoured, secondly, by 
certain additions and by the mode of treatment, to ft them for 
students in medicine, and generally for those acquainted with 
human anatomy, but desirous of learning its more significant rela- 
tions to the structure of other animals: the author therefore hopes 
his volume may serve as a hand-book of Human Morphology, 7 he 
book is amply illustrated with carefully drawn woodcuts. 

Murphy. — Works by Joseph John Murphy : — 

HABIT AND INTELLIGENCE, in Connection with the Laws of 
Matter and Force : A Series of Scientific Essays. Two Vols. 
8vo. I dr. ^ 

The author's chief purpo}»e in this work has been to state and to dis- 
cuss what he regards as the special and characteristic principles op 
life. The most important part of the work treats of those vital 
principles which belong to the inner dotnain of life itself, as dis- 
tinguished from the Principles which belong to the border-land 
where life comes into contact with inorganic matter and force. In 
the inner domain of if e we find two principles, which are, the 
author believes, coextensive with life and peculiar to it : these are 
Habit and Intelligence. He hcts made as full a statement as 
possible of the laws under which habits form, disappear, alter under 
allied circumstances, and vary spontaneously. He disaisses that 
most important of all questions, whether intelligence is an ultimate 
fact, incapable of being resolved into any other, or only a resultant 
from the laws of habit. The latter part of the first volume is 
occupied with the discussion of the question of the Origin of Species, 
The first part of the second volume is occupied with an inquiry 
into the process of mental growth and development, and the nature 
of mental intelligence. In the chapter that follo7vs, the author dis- 
cusses the science of history, and the three concluding chapters 
contain some ideas on the classification, the history, and the logic, op 
the sciences. The author's aim has been to make the subjects treated 
of intelligible to any ordinary intelligent man. ** We are pleased 

C 
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to listen" says the Saturday Review, '*/<> a writer who has so firm, 
a foothold upon the ground within the scope of his immediaU 
survey, and who can enunciate with so much clearness and force 
propositions which come within his grasp" 

THE SCIENTIFIC BASES OF FAITH. 8vo. 14J. 

Nature.— A WEEKLY ILLUSTRATED JOURNAL OF 
SCIENCE. Published every Thursday. Price 4//. Monthly 
Parts, \s. 4//. and 1 j. %d, ; Half-yearly Volumes, lay. dd. Cases for 
binding Vols. is. 6d. 

** Backed by many of the best names among English philosophers, and 
by a fTiO equally valuable supporters in America and on the Conti- 
nent of Europe" — Saturday Review. " This able and well-edited 
Journal, which posts up the science of the day. promptly, and 
promises to be of sigticU service to students and savants " — British 
Quarterly Review, 

Oliver.— Works by Daniel Oliver, F.R.S., F.L.S., Professor of 
Botany in University College, London, and Keeper of the Herba- 
rium and Library of the Royal Gardens, Kew : — 

LESSONS IN ELEMENTARY BOTANY. With nearly Two 
Hundred Illustrations. New Edition. iSmo cloth. 4^. dd. 

This book is designed to teach the elements of Botany on Professor 
Henslow^ s plan of selected Types and by the use of Schedules. The 
earlier chapters, embracing the elements of Structural and Physio- 
logical Botany, introduce us to the methodical study of the Ordinal 
Types, The concluding chapters are entitled, " How to Dry 
Plants " and ** How to Describe Plants." A valuable Glossary is 
appended to the volume. In the preparation of this work free use 
has been made of the manuscript materials of the late Professor 
Henslow. 

FIRST BOOK OF INDIAN BOTANY. With numerous 
Illustrations. Extra fcap. 8vo. 6^. 6d. 

This manual is, in substance, the authot^s " Lessons in Elementary 
Botany" adapted for use in India, In preparing it he has had in 
view the want, often felt, of some handy r^ume of Indian Botany, 
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which might be serviceable not only to residents of India, but also 
to anyone about to proceed thither , desirous of getting some pre- 
liminary idea of the botany of the country. It contains a well' 
digested summary of all essential knowledge pertaining to Indian 
Botany, wrought out in accordance with the best principles of 
scientific arrangement y — Allen's Indian Mail. 

Penrose (F. C.)— on a method of predicting by 

GRAPHICAL CONSTRUCTION, OCCULTATIONS OF 
STARS BY THE MOON, AND SOLAR ECLIPSES FOR 
ANY GIVEN PLACE. Together with more rigorous methods 
for the Accurate Calculation of Longitude. By F. C. Penrose, 
F.R.A.S. With Charts, Tables, etc. 4to. I2j. 

The author believes that if , by a graphic method, the prediction of 
occultations can be rendered more inviting, as well as more expedi- 
tious, than by the method of calculation, it may prove acceptable to 
the nautical profession as well as to scientific travellers or amateurs. 
The author has endeavoured to make the whole process as intelli- 
gible as possible, so that the beginner, instead of merely having to 
Jollow directions imperfectly understood, may readily comprehend 
the meaning of each step, and be able to illustrate the practice by the 
theory. Besides all necessary charts and tables, the work contains 
a large number of skeleton forms for working out cases in 
practice, 

Roscoe. — Works by Henry E. Roscoe, F.R.S., Professor o 
Chemistry in Owens College, Manchester t — 

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC 
AND ORGANIC. With numerous Illustrations and Chromo- 
litho of the Solar Spectrum, and of the Alkalies and Alkaline 
Earths. New Edition. i.8mo. cloth. 4^. 6d, 

It has been the endeavour of fhe author to arrange the most important 
facts and principles of Modern Chemistry in a plain but concise 
and scientific form, suited to the present requirements of eletnentary 
instruction. For the purpose of facilitating the attainment of 
exactitude in the knowledge of the subject, a series of exercises and 
questions upon the lessons have been added. The metric system of 
weights and measures, and the centigrade tkermometric. scale, are 

C 2 
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Roscoe— ^mia'imm/. 

used throughcui this work. The new edition, besides new rsfood- 
etUs, contains many additions and improvements, and includes tJke 
mast important of the latest discoveries, *' We unhesitatingly ^o- 
naunce it the best of all our dementary treatises on Chemistry,^* — 
Medical Times. 

SPECTRUM ANALYSIS. Six Lectures, with Appendices, En- 
gniTixigs, Maps, and Chromolithographs. Royal 8vo. ' 2ij. 

A Third Edition of these popular Lectures, containing all the most 
recent discoveries and several additional illustrations. ** In six 
lectures he has given the history of the discovery and set forth the 
facts relating to the analysis of light in such a way that any reader 
of ordinary intelligence and information will be able to understan*i 
what * Spectrum Analysis* is, and what are its claims to rank 
among the most signal triumphs of science,''* — Nonconformist. 
*' The lectures themselves furnish a most admirable dementary 
treatise on the subject, whilst by the insertion in appendices to each 
lecture of extracts from the most important published memoirs, the 
author has rendered it equally valuable as a text-book for advanced 
students,** — Westminster Review, 

Stewart (B.)— lessons in elementary physics. 

By Balfour Stewart, F.R.S., Professor of Natural Philosophy 
in Owens Coll^^, Manchester. With numerous Illustrations and 
Chromolithos of the Spectra of the Sun, Stars, and Nebulae. New 
Edition. i8mo. 4;. 6d, 

A description, in an elementary manner, of the most important of 
those laws which regulate the phenomena of nature. The active 
agents, heat," light, electricity, etc., are regarded as varieties of 
energy, and the work is so arranged that their relation to one 
another, looked at in this light, and the paramount importance of 
the laws of energy, are clearly brought out. The volutne contains 
all the necessary illustrations. The Educational Times calls this 
**the beau-ideal of a scietUific text-book, clear, accurate, and 
thorough,** 

Taylor. — sound and music : A Non-Mathematical Trea- 
tise en the Physical Constitution of Musical Sounds and Harmony, 
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including the Chief Acoustical Discoveries of Professor Helm- 
holtz. By Sedley Taylor, M.A., late Fellow of Trinity Col- 
ledge, Cambridge. Large crown 8vo. Sj. dd. 

This treatise aims at placing before persons unacquainted ivilh 
Mathematics an intelligible and succinct account of that part of 
the Theory of Sound which constitutes the physical basis of the 
Art of Music. No preliminary knowledge^ save of Arithmetic 
and of the musical notation in common use^ is assumed to be pos- 
sessed by the recuier. The importance of combining theoretical and 
experimental modes of treatment has been kept steadily in view 
throughout. Though the author has incorporated the chief acous- 
tical discoveries of Professor HjlmholtZy the present volume is not a 
mere epitome of his work^ but the result of independent study. 

Thomson.— THE DEPTHS OF THE SEA : An Account of the 
General Results of the Dredging Cruises of H.M.SS. ** Porcupine " 
and '* Lightning'' during the Summers of 1868-69 and 70, under 
the scientific direction of Dr. Carpenter, F.R.S., J. Gwyn Jeffreys, 
F.R.S., and Dr. Wyville Thomson, F.R.S. By Dr. Wyville 
Thomson, Director of the Scientific Staff of the "Challenger" 
Expedition. With nearly 100 Illustrations and 8 coloured Maps 
and Plans. Second Edition. Royal 8vo. cloth, gilt. 3IJ. 6^. 

// was the important and interesting results recorded in this volume 
that induced the Government to 'send out the great Expedition now 
launched under the scientific guidance of Dr. Wyville Thomson, 
The Athenaeum says^ *^ Professor\Thomson^s book is full of in- 
teresting matter^ and is written by a master of the art of popular 
exposition. It is excellently illustrated^ both coloured maps and 
iwodcuts possessing high merit. Those who have already become 
interested in dredging operations will of course make a point of 
reading this work ; those who wish to be pleasantly introduce to the 
subject f and rightly to appreciate the news which arrives from time 
to time from the ** Challenger,*'* should not fail to seek instruction 
from Professor Thomson.** 

Thornton.— OLD-FASHIONED ETHICS, AND COMMON- 
SENSE METAPHYSICS, with some of their Applications. By 
William Thomas Thornton, Author of " A Treatise on Labour." 
Svo. loj. (>d. 
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The present volume deals Ttnth probletns which are agitating the 
minds of all thoughtful men. The following are the Contents : — 
/. Ante- Utilitarianism, II, History* s Scientific Pretensions. III. 
David Hume as a Metaphysician. IF. Huxleyism. V. Recent 
I^hases of Scientific Atheism. VI. Limits of Demonstrable Theism. 

Thudichum and Dupre.— a treatise on the 

ORIGIN, nature, and VARIETIES OF WINE. 
Being a Complete Manual of Viticulture and CEnology. By J. L. 
W.Thudichum, M.D., and August pUPR£, Ph.D., Lecturer on 
Chfemistry at Westminster Hospital. Medium 8vo. cloth gilt. 25^. 

In this elaborate work the subject of the manufacture of wine is 
treated scientifically in minute detail, from every point of vieiv. A 
chapter is devoted to the Origin and Physiology of Vines, two to the 
Principles of Viticulture; while other chapters treat of Vintage and 
Vinificatwn, the Chemistry of Alcohol, the Acids, Ether, Sugars^ 
and other nustters occurring in wine. This introductory matter 
occupies the first nine chapters, the retfiaining seventeen chapters 
being occupied with a detailed account of the Viticulture and the 
Wines of the various countries of Europe, of the Atlantic Islands^ 
of Asia, of Africa, of America, and of Australia. Besides a 
number of Analytical and Statistical Tables, the work is enriched 
with eighty- five illustrative woodcuts. **A treatise almost unique 
fbr its usefulnest either to the wine-grower, the vendor, or the con' 
sumer of wine. The analyses of wine are the most complete we 
have yet seen, exhibiting at a glance the constituent principles of 
nearly all the wines known in this country. ^^ — Wine Trade Review. 

Wallkcc (A. R.)— CONTRIBUTIONS TO THE THEORY 
OP NATURAL SELECTION. A Series of Essays, By 
Alfred Russel Wallace, Author of ** The Malay Archipelago," 
etc. Second Edition, with Corrections and Additions. Crown 
8vo. %s. 6d. (For other. Works by the same Author,, see Cata- 
logue OF History and Travels.) 

Mr. Wallace has good claims to be considered as an independent 
originator of the theory of natural selection. Dr. Hooker, in 
his address to the British Association, spoke thus of the author: 
**0f Mr. Wallace and. his many contributions to philosophical 
biology it is. not easy to speak without enthusiasm ;. for, putting 
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aside their great merits, he, throughout his 'writings, itnth a 
modesty as rare as I believe it to be unconscioui, forgets his oivn 
unquestioned claim to the honour of having originated indepen- 
dently of Mr, Darwin, the theories which he so ably defends y 
The Saturday Review says : **IIe has combined an abundance of 
fresh and origifial facts with a liveliness and sagacity of reasoning 
which are not often displayed so effectively on so small a scale. ^^ 
The Essays in this volume are : — I. ^*0n the Law which has regu- 
lated the introduction of New Species.'*^ II. '^^ On the Tendencies 
of Varieties to detart indefinitely from the Original Type" III. 
^^ Mimicry, and other Protective Pesemklatices among Animals." 
IV. " The Malayan Papilionidce, as illustrative of the Theory 
of Natural Selection." V. *■* On Instinct in Man and Animals." 
VI. ''The Philosophy of Birds' Nests." VI L ''A Theory of 
Birdi Nests." VIIL '' Creation by Law." IX. '' The Develop- 
ment of Hutnan Races under the Law of Natural Selection." 
X. ** The Limits of Natural Selection as applied to Man." 

Warington. — the week of creation; or, the 

COSMOGONY OF GENESIS CONSIDERED IN ITS 
RELATION TO MODERN SCIENCE. By George War- 
ington, Author of ** The Historic Character of the Pentateuch 
Vindicated." Crown 8vo. 4J. 6d. 

The greater part oj this work it taken up with the teaching of the 
Cosmogony. Its purpose is also investigated, and a chapter is 
devoted to the consideration of the passage in which the difficulties 
occur. ''A very able vindication of the Mosaic Cosmogony, by a 
writer who unites the advantages of a critical knowledge of the 
Hebrew text and oJ distinguisJced scientific attainments." — 
Spectator. 

Wilson. — Works by the late George Wilson, M.D., F.R.S.E., 
Regius Professor of Technology in the University of Edinburgh : — 

RELIGIO CHEMICI. With a Vignette beautifully engraved after 
a design by Sir Noel Paton. Crown 8vo. %s. 6d, 

** George Wilson," says the Preface to this volume, ''had it in his heart 

for many years to write a book corresponding to the Religio Medici 

0/ Sir Thomas Browne, with the title Religio Chemici. Several 

of the Essays in this volume were intended to form chapters of it. 
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These fragments being in most cases like finished gems waiting to be 
set, some of thtm are now given in a collected form to his friends 
and the public. In Irving remembrance of his purpose^ the name 
chosen by himself hcts been adopted^ althotigh the original design 
can be but very faintly represented,^^ The Contents of the volume 
are:— *' Chemistry and Natural Theology,'' ** The Chemistry of 
the Stars; an Argument touching the Stars and their Inhabitants.'* 
* ' Chemical Final Causes; as illustrated by the presence of Phos- 
phorusy Nitrogen, and Iron in the Higher Sentient Organisms.'' 
'' Robert Boyle." '' Wollaston.'' ''Life and Discoveries of Valton." 
** Thoughts on the Resurrection; an Address to Medical Students." 
**A more fascinating volume^" the Spectator says^ ''has seldom 
fallen into our hands." The Freeman says: "These papers are all 
valuable and deeply interesting. The production of a profound 
thinker y a suggestive and eloquent writer ^ and a man whose piety 
and genius went hand in hand." 

THE PROGRESS OF THE TELEGRAPH. Fcap. 8vo. \s. 

" While a complete view of the progress of the greatest of human 
inventions is obtained, all its suggestions are brought out with a 
rare thoughtfulness, a genial humour^ and an exceeding beauty of 
utterance." — Nonconformist. 



Wilson (Daniel.)— CALIBAN : THE MISSING LINK. By 
Daniel Wilson, LL.D., Professor of History and English Litera- 
ture in University College, Toronto. 8vo. \9s. 6d. 

In the present state of the controversy as to the Origin of Man, this 
work of a competent scholar and critic, in which the Monster 
Caliban is studied from various points of view, will be of consider- 
able interest. Besides " Caliban," the work treats of various other 
matters of Shakespearian interest, as " The Supernatural," " Ghosts 
and Witches," " Fairy Folk- Lore," "The Commentators," "The 
Folios." The two last chapters contain notes on " The Tempest" 
and "A Midsummer Night's Dream" 

Winslow.— FORCE AND NATURE : ATTRACTION AND 
REPULSION. The Radical Principles of Energy graphically 
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discussed in their Relations to Physical and Morphological De- 
relopment. By C. F. Winslow, M.D. 8vo. 14J. 

The author having for long investigated Nature in many directions, 
has ever felt unsatisfied with the physical foundations upon which 
some branches of scietice have been so long compelled to rest. The 
question, he believes, must have occurred to many astronomers and 
physicists whether some subtle principle antagonistic to attraction 
does not also exist as an all-pervading element in nature, and so 
operate as in some way to disturb the action of what is generally 
considered by the scientific world a unique force. The aim of the 
present work is to set forth this subject in its broadest aspects, and 
in such a. manner as to invite thereto the attention of the learned. 
Ihe subjects of the eleven chapters are : — I. *^Space.^^ II. ^^Matter,^^ 
III. ''Inertia, Force, and Mind.'' IV. ''Molecules." V. 
' ' Molecular Force." VI. " Union and Inseparability of Matter 
and Force." VII. and VIII. "Nature and Action of Force — 
Attraction— Repulsion." IX. " Cosmical Repulsion." X. "Me- 
chanical Force." XI. "Central Forces and Celestial Physics." 
"Deserves thoughtful and conscientious study." — Saturday Review. 

Wurtz.— A HISTORY OF CHEMICAL THEORY, from the 
Age of Lavoisier down to the present time. By Ad. Wurtz. 
Translated by Henry Watts, F.R.S. Crown 8vo. (>s, 

** The discourse, as a resume of chemical theory and research, unites 
singular luminousness and grasp. A few judicious notes are added 
by the translator." — Pall Mall Gazette. ** The treatment of the 
subject is admirable, and the translator has evidently done his duty 
most efficiently." — Westminster Review. 

Young.— SIMPLE PRACTICAL METHODS OF CALCU- 
LATINO STRAINS ON GIRDERS, ARCHES, AND 
TRUSSES ; with a Supplementary Essay on Economy in Sus- 
pension Bridges. By E. W. Young, Member of the Institution 
of Civil Engineers. 8vo. 7^. dd. 
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WORKS IN PHYSIOLOGY, ANATOMY, AND 
MEDICAL WORKS GENERALLY. 



Allbutt (T. C.) — ON THE USE OF THE OPHTHALMO- 
SCOPE in Diseases of the Nervous System and of the Kidneys ; 
also in certain other General Disorders. By Thomas Clifford 
Allbutt, M.A., M.D. Cantab., Physician to the Leeds General 
Infirmary, Lecturer on Practical Medicine, etc. etc Svo. i$s. 

The Ophthalmoscope has been found of the highest iniluein the Uwes- 
tigation of nervous diseases. But it is not easy for physicians who 
have left the schools, and are engaged in practice, to take up a new 
instrument which requires much skill in using; it is therefore 
hoped that by such the present volume, containing the results of the 
author's extensive use of the instrument in diseases of the nervous 
system, will be found of service ; and that to all students it may 
prove a useful hand-book. After four introductory chapters on the 
history and value of the Ophthalmoscope, and the manner ofinvesti- 
gating the states of the optic nerve and retina^ the author treats of 
the various diseases with which optic changes are associated, and 
describes the way in which such associations take place. Besides 
the cctses referred to throughout the volume, the Appendix con- 
tains details of 12^ cases illustrative of the subjects discussed in the 
text, and a series of tabulated cases to show the Ophthalmoscopic 
appearances of the eye in Insanity, Mania, Dementia, Melancholia 
and Monomania, Idiotcy, and General Paralysis. The volume is 
illustrated with two coloured plates of morbid appearances of the 
^e under the Ophthalmoscope. 

THE EFFECTS OF OVERWORK AND STRAIN ON THE 
HEART AND GREAT BLOOD-VESSELS. (Reprinted from 
St. George's Hospital Reports.) 2J. 6^. 

Anderson. — on THE treatment of diseases of 

THE SKIN : with an Analysis of Eleven Thousand Consecutire 
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Cases. By Dr. McCall Anderson, Professor of Practice of 
Medicine in Anderson*s University, Physician to the Dispensary for 
Skin Diseases, etc., Glasgow. Crown 8vo. cloth. 5^. 

The first part of this work consists of a carefully tabulated and critiecU 
analysis of 11,000 cases of skin disease j 1,000 of these having 
occurred in the author^ s private practice^ and the rest in his hos- 
pitcU practice. These cases are all classified under certain distinct 
hectds, according to the nature and cause of the disecue, while a 
number of the more interesting cases are alluded to in detail. The 
second part of the ivork treats of the Therapeutics of Diseases of 
the Skin, and will be found to contain many hints, the results of a 
long and extensive experience, as to the most successful method of 
treating their multitudinous forms. 

Anstie (F. E.)— NEURALGIA, AND DISEASES WHICH 
RESEMBLE IT. By Francis E. Anstie, M D., M.R.C.P., 
Senior Assistant Physician to Westminster Hospital. 8vo. lor. 6d. 

The present treatise is the result of many years' independent scientific 
investigation into the nature and proper treatment of this most 
painful disease. The author has had abundant means of studying 
the subject both in his own person and in the hundreds of patients 
that have resorted to him for treatment. The Introduction treats 
briefly of Pain in General, and contains some ideas cu to its nature 
and in reference to sensation generally. 

BarwelL— THE CAUSES AND TREATMENT OF LATERAL 
CURVATURE OF THE SPINE. Enlarged from Lectures 
published in the Lancet. By Richard Barwell, F.R.C.S., 
Surgeon to and Lecturer on Anatomy at the Charing Cross HospitaL 
Second Edition. Crowtt 8vo; 4j. 6<f. 

Having failed to find in books a scUisfactory theory of those conditions 
which produce lateral curvature, Mr. Barwell resolved to investi- 
gate the subject for himself ab initio. The present work is the 
result of long study of Spinis, normal and abnormal. He 
believes the views which he has beeH led to form account for those 
essential characteristics which have hitherto been left unexplained ; 
and the treatment which he advocates is certainly less irksome, and 
will be found more efficacious than that which has hitherto been 
pursued. Indeed, the mode in which the first edition has been 
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received by the profession is a gratifying sign that Mr, BanvelVs 
principles have made their value and their weight felt, A£any 
pages and a number of woodcuts have been added to the Second 
Edition, 

Corficld (Professor W. H.)— a DIGEST OF facts 

RELATING TO THE TREATMENT AND UTILIZATION 
OF SEWAGE. By W. H. Corfield, M.A., B.A., Professor 
of Hygiene and Public Health at University College, London. 
8vo. lar. 6^. Second Edition, corrected and enlarged. 

The author in the Second Edition has revised and corrected the entire 
workf and made many important additions. The headings of the 
eleven chapters are as follow: — I, ^^ Early Systems: Midden-Heaps 
and Cesspools, ^^ IL "Filth and Disease — Cause and Effect J** 
III, ''^Improved Midden-Pits and Cesspools ; Midden- Closets ^ Pail' 
Closets, etc,'' IV. ''The Dry- Closet Systems,'' V,'' Water- Closets," 
VI, ''Sewerage." VII. "Sanitary Aspects oj the Water- Carrying 
System." VI IL " Value of Sewage; Injury to Rivers, " IX, 
"Town Seivage; Attempts at Utilisation," X, "Filtration and 
Irrigation" XI. "Influence of Sewage Farming on the Public 
Health." An abridged account of the more recently published 
researches on the subject will be found in the Appendices, while 
the Summary contains a concise statement of the views which the 
author himself has been led to adopt: references have been inserted 
throughout to show from what sources the numerous quotations have 
been derived^ and an Index has been added, "Mr, Corfidds work 
is entitled to rank as a standard authority^ no less than a con^ 
venient handbook^ in all matters relating to sewage," — Athenaeum. 



Elam (C.)— A PHYSICIAN'S PROBLEMS. By Charles 
ELAM, M. D. , M. R. C. P. Crown 8v o. ^s. 

Contents :— * * Natural Heritage, " "On Degeneration in Man, " 
" On Moral and Criminal Epidemics." "Body v. Mind." " Il- 
lusions and Hallucinations." " On Somnambulism." "Reverie 
a fid Abstraction." 'These Essays are intended as a contribution to 
the Natural History of those outlying regions of Thought and 
Action whose domain is the debatable ground of Brain, Nerve, 
atid Mind. They are designed also to indicate the origin and mode 
of perpetuation of those varieties of organization, intelligence, and 
general tendencies towards zice or virtue, which seem to be so 
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capriciously developed among mankind. They also point to causes 
for the infinitely varied forms of disorder of nerve and brain — 
organic and functional— far deeper and more recondite than those 
generally believed in, . " The book is one which all statesmen^ 
magistrates^ clergymen, medical men, and parents should study and 
inwardly digest," — Examiner. 

Fox. — Works by Wilson Fox, M.D. Lond., F.R.C.P., F.R.S., 
Holme Professor of Clinical Medicine, University College, London, 
Physician Extraordinary to her Majesty the Queen, etc. : — 

DISEASES OF THE STOMACH : being a new and revised 
Edition of "The Diagnosis and Treatment of the 
Varieties of Dyspepsia." 8vo. Sj. 6d, 

ON THE ARTIFICIAL PRODUCTION OF TUBERCLE IN 
THE LOWER ANIMALS, With Coloured Plates. 4to. Sj. 6d, 

In this Lecture Dr, Fox describes in minute detail a large number of 
experiments made by him on guinea-pigs and rabbits for the pur- 
pose of inquiring into the origin of Tubercle by the agency of direct 
irritation or by septic matters. The work is illustrated by three 
plates, containing a number of coloured illustrations from nature, 

Qi^ THE TREATMENT OF HYPERPYREXIA, as Illustrated 
in Acute Articular Rheumatism by means of the External Applica- 
tion of Cold. 8vo. 2s, 6d, 

The object of this vtork is to show that the class of cases included under 
the title, and which have hitherto been invariably fatal, may, by 
the use of the cold bath, be brought to a favourable termination. 
Details are given of the successful treatment by this method of iivo 
patients by the author, followed by a Commentary on the cases, in 
which the merits of this mode of treatment are discussed and com- 
pared with those of other methods. Appended are tables of the 
observations made on the temperature during the trecUmfnt; a table 
showing the effect of the immersion of the patients in the baths em- 
ployed, in order to exhibit the rate at which the temperature was 
lowered in each ceise; a table of the chief details of twenty-two 
cases of this clcus recently published, and which are referred to in 
various parts of the Commentary, Two Charts are also introduced^ 
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giving a connected view of the progress of the two successful cases^ 
and a series of sphygmographic tracings of the pulses of th€ two 
patients, **A clinical study of rare value. Should be read by 
everyoneJ*^ — Medical Press and Circular. 

Gallon (D.) — an address on the general prin- 
ciples WHICH SHOULD BE OBSERVED IN THE 
CONSTRUCTION OF HOSPITALS. DeUvered to the British 
Medical Association at Leeds, July 1869. By Douglas Galton, 
C.B., F.R.S. Crown 8vo. 3J. 6d. 

In this Address the author endeavours to enunciate what are those 
principles which seem to him to form the starting-point from which 
all architects should proceed in the construction of hospitals. Be- 
sides Mr. Gallon* s paper the book contains the opinions expressed in 
the subsequent discussion by several eminent medical men, such as 
Dr. Kennedy, Sir James Y. Simpson, Dr. Hughes Bennet, and 
others. The work is illustrated by a number of plans, sections, and 
other cuts. **An admirable exposition of those conditions of struc- 
ture which most conduce to cleanliness, economy, and convenience.** 
— Times. 

Harley (J.)— the old vegetable neurotics, Hem- 
lock, Opium, Belladonna, and Henbane ; their Physiological 
Action and Therapeutical Use, alone and in combination. Being 
the Gulstoiiian Lectures of 1868 extended, and including a Complete 
Examination of the Active Constituents of Opium. By John 
Harley, M.D. Lond., F.R.C.P., F.L.S., etc. 8vo. 12s. 

The author^ s object throughout the investigations and experiments on 
7vhich this volume is founded has been to ascertain, clearly and 
definitely, the action of the drugs employed on the healthy body in 
medicinal doses, from the smallest to the largest ; to deduce simple 
practical conclusions from the facts observed ; and then to apply the 
drug to the relief of the particuldr conditions to which its action 
appeared suited. Many experiments have been made by the author 
both on men and the lower animals ; and the author's endeavour 
has been to present to the mind, as far as words may do, impres- 
sions 0/ the actttal condition of the individual subjected to the 
drug. 
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Hood (Wharton).— ON bone-setting (so called), and 
its Relation to the Treatment of Joints Crippled by Injury, Rheu- 
matism, Inflammation, etc. etc. By Wharton P. Hood, 
M.D., M.R.C.S. Crown 8vo. 4r. 6d, 

The author for a period attended the London practice of the late Mr, 
Hutton^ the famous and successful bone-setter ^ by whom he was 
initiated into the mystery of the art and practice. Thus he is 
amply qualified to write on the subject from the practical point of 
T/ieWf while his professional education enables him to consider it in 
its scientific and surgical bearings. In the present work he gives a 
brief account of the salient fecUures of a bone-setter's method of pro- 
cedure in the treatment of damaged joints^ of the results of that treat- 
ment , and of the class of cases in which he has seen it prove successful, 
I he author's aim is to give the rationale of the bone-sdter*s practice, 
to reduce it to something like a scientific method, to show when force 
should be resorted to and when it should not, and to initiate 
surgeons into the secret of Mr. Hutton^s successful manipulation. 
Throughout the work a great number of authentic instances of 
successful treatment are given, with the details of the method of 
cure J and the Chapters on Manipulations and Affections of the 
Spine are illustrated by a number of appropriate cuts, 

Humphry.— Works by G. M. Humphry, M.D., F.R.S., Professoi 
of Anatomy in the University of Cambridge, and Honorary Fellow 
of Downing College : — 

THE HUMAN SKELETON (including the Joints). With 260. 
Illustrations, drawn from nature. Medium 8vo. 28^. 

In lecturing on the Skeleton it has been the author' s practice, instead 
of giving a detailed account of the several parts, to request his 
students to get up the descriptive aruitomy of certain bones, with the 
aid of some work on osteology. He afterwards tested their acquire- 
ments by examination, endeavouring to supply deficiencies artd 
correct CT^ors, adding also such information— physical, physiologi- 
cal, pathological, and practical— as he had gathered from his own 
observation and researches, and which was likely to be useful and 
excite an interest in the subject. This additioruil information 
forms, in great part, the nuiterial of this volume, which is intended 
to be supplementary to existing works on anatomy. Considerable 
space has been devoted to the description of the joints, because it is 
less fully given in other works, and because an accurate knowledge 
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Humphry — continwd, 

of the structure and peculiar form of the joints is essential to a 
correct knowledge of tlieir movements. The numerous illustrcctians 
^oere all drawn upon stone from nature; and in most instances 
from specimens prepared for the purpose by the authcrr himself, 

OBSERVATIONS IN MYOLOGY. 8vo. 6x, 

This work includes the Myology of Cryptobranch^ Lepidosiren, Dog- 
Fishf CeratoduSf and Pseudopus Pallasii, with the Nerves of Crypto- 
branch and Lepidosiren and the Disposition of Muscles in Vertebrate 
Animals, The volume contains a large number of illustrations, 

Huxley's Physiology.— See p. 27, preceding. 

Journal of Anatomy and Physiology. 

Conducted by Professors Humphry and Newton, and Mr. Clark 
of Cambridge, Professor Turner of Edinburgh, and Dr. 
Wright of Dublin. Published twice a year. Old Series, Parts 
I. and II., price 7j. 6</. each. Vol. I. containing Parts I. and II., 
Royal 8vo., i6x. New Series, Parts I. to IX. 6x. each, or yearly 
Vols. 1 2 J. dd, each. 

Lcishman.— A system of midwifery, including the 
Diseases of Pregnancy and the Puerperal State. By William 
Leishman, M. D. , Regius Professor of Midwifery in the Univer- 
sity of Glasgow \ Physician to the University Lying-in Hospital ; 
Fellow and late Vice-President of the Obstetrical Society of 
London, etc. etc. 8vo. Illustrated. 3ar. 

The author's object' Jn this work has been to furnish to students and 
practitioners a complete system of the Midwifery of the presetit 
day. There exists no text-book in English which can be compared 
with those of Cazeaux and Scauzoni; this want the author has 
endeavoured to supply by the publication of the present work^ 
in writing which he has availed himself of all the most recent 
researches. The work is profusely illustrated, 

Lankester.— COMPARATIVE longevity in man and 

THE LOWER ANIMALS. By E. Ray Lankester, B.A. 
Crown 8vo. 41. 6</. 
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This Essay gained the prize offered by the University of Oxford for 
the best Paper on the subject of which it treats. This interesting 
subject is here treated in a thorough manner, both scientifically and 
statistically. 

Maclaren — training, in theory and practice. 

By Archibald Maclaren, the Gymnasium, Oxford. 8vo. 
Handsomely bound in cloth, 7j. 6</. 

The ordinary agents of health are Exercise, Diet, Sleep, Air, Bath' 
ing, and Clothing, In this work the author examines each of 
these agents in detail, and from two different points of view. First, 
as to the manner in which it is, or should be, administered under 
ordinary circumstances : and secondly, in what manner and to 
what extent this mode of administration is, or should be, altered for 
purposes of training ; the object of ^^ training,** according to the 
author, being ** to put the body, with extreme and exceptional care, 
under the influence of all the agents which promote its health and 
strength, in order to enable it to meet extreme and exceptional de- 
mands upon its energies." Appended are various diagrams and 
tables relating to boat-racing, and tables connected with diet and 
training. " The philosophy of human health has seldom received 
so apt an exposition." — Globe. ^^ After all the nonsense that lias 
been written about training, it is a comfort to gtt hold of a 
thoroughly sensible book at last. " — ^John Bull. 

Macpherson. — Works by John Macpherson, M.D. :— 

THE BATHS AND WELLS OF EUROPE ; Their Action and 
Uses. With Notices of Climatic Resorts and Diet Cures. With 
a Map. New Edition, revised and enlarged. Extra fcap. 8vo. 
[ 6j. (ids 

This work is intended to supply information which will afford aid in 
the selection of sUch Spas as are suited for particular cases. It 
exhibits a sketch of the present condition of our knowledge on the 
subject of the operation of mineral waters, gathered from the 
author's personal observation, and from every other available 
source of information. It is divided into four books, and each 
book into several chapters: — Book I. Elements of Treatment, in 
which, among other matters, the external and internal uses of water 
are treated of. II. Bathing, treating of the various kinds of baths. 
III. Weils, trectting of the various kinds of mineral waters. 

D 



so SCIENTIFIC CATALOGUE, 

MacpherSOn {I,)— continued, 

IV, Did Cures, in which various vegetable, mUk, and other 
** cures '* are discussed. Appended is an Index of Diseases noticed, 
and one of places named. Prefixed is a sketch map of the principal 
baths and places of health-resort in Europe. *^Dr, Macpherson 
hcu given the kind of information which every medical practitioner 
ought to possess,*^ — ^The Lancet. ** Whoever wants to know the 
real character of any health-resort must read Dr, Macphersor^s 
book,*^ — Medical Times. 

OUR BATHS AND WELLS : The Mineral Waters of the British 
Islands, with a List of Sea-bathing Places. Extra fcap. 8vo. 
pp. XV. 205. 3J; 6d, 

Dr. Macpherson has divided his work into five parts. He begins by 
a few introductory observations on bath life, its circumstances, uses, 
and pleasures ; he then explains in detail the composition of the 
various mineral waters, and points out the special curative pro- 
perties of each class, A chapter on **The History of British 
Wells " from the earliest period to the present time forms the 
natural transition to the second part of this volume, which treats of 
the different kinds of mineral waters in England, whether pure, 
thermal and earthy, saline, chcdybeate^ or sulphur. Wales, Scot- 
land, and Ireland supply the materials for distinct sections. An 
Index of mineral waters, one of sea-bathing places, and a third of 
wells of pure or nearly pure water, terminate the book. **This little 
volume forms a very available handbook for a large class of 
invcUids, ** — Nonconformist 

Maudsley. — Works by Henry Maudsley, M.D., Professor of 
Medical Jurisprudence in University College, London : — 

BODY AND MIND : An Inquiry into, their Connection and 
Mutual Influence, specially in reference to Mental Disorders ; being 
the Gulstonian Lectures for 1870. Delivered before the Royal 
College of Physicians. Crown 8vo. 5^. New Edition, with 
Psychological Essays added. Crown 8vo. 6s. 6d, 

The volume consists of three Lectures and two long Appendices, the 
general plan of the whole being to bring Man, both in his physical 
and mental relations, as much as possible under the scope of scientific 
inquiry. The first Lecture is devoted to an exposition of the physical 
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conditions of mental function in health. In the second Lecture are 
sketched the features of some forms of degeneracy ofmind^ as exhibited 
in morbid varieties of the human kind, with the purpose of bringing 
prominently into notice the operation of physical causes from 
generation to generationy and the relationship of mental to other 
diseases of the nervous system. In the third Lecture are displayed 
the relations of morbid states of the body and disordered mental 
function. Appendix I. is a criticism of the Archbishop of YorHs 
address on ** The Limits of Philosophical Inquiry. ^^ Appendix II. 
. deals with the ** Theory of Vitality y* in which the author en' 
deavours to set forth the reflections which facts seem to warrant. 



THE PHYSIOLOGY AND PATHOLOGY OF MIND. 
Second Edition, Revised. 8vo. i6j. 

This work is the result of an endeavour on the author's part to arrive 
at some definite conviction with regard to the physical conditions of 
mental function^ and the relation of the phenomena of sound and 
unsound mtnd. The author's aim throughout has been twofold : 
I. To treat of mental phenomena from a physiological rather than 
from a metaphysical point of view. II. To bring the manifold 
instructive instances present^ by the unsound mind to bear upon 
the interpretation of the obscure problems of mental science. 

Morgan.— UNIVERSITY OARS: Being a Critical Enquiry 
into the After-health of the Men who rowed in the Oxford and 
Cambridge Boat-Race, from the year 1829 to 1869, based upon the 
personal experience of the Rowers themselves. By John E. 
Morgan, M.D., M.A. Oxon., F.R.C.P., late Captain of the 
John + (Coll, Univ.),' Physician to the Manchester Royal 
Infirmary, author of ** The Deterioration of Races," etc. Crown 
8vo. lOf. (>d. 

** Dr. MorgatCs book presents in a most admirable manner full ana 
accurate statistics of the duration of life, and of the causes of 
death, of all the men who have rowed in Oxford and Cambridge 
boats from 1829 to 1 869, and also gives letters addressed to the 
author by nearly every individual of the number." — Daily News. 
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Practitioner (The). — A Monthly journal of Therapeutics 
and Public Health. Edited by Francis £. Anstie, M.D. 
8vo. Price I J. (xl. Half-yearly vols., 8vo. cloth. lor. 6d, each. 

Radcliffc— DYNAMICS OF NERVE AND MUSCLK By 
Charles Bland Radcliffe, M.D., F.R.C.P., Physician to the 
Westminster Hospital, and to the National Hospital for the 
Paralysed and Epileptic Crown 8to. 8f. 6d, 

This work contains the result of the author's long investigations into 
the Dynamics of N^erveand Muscle, as connected with Aninial Elec- 
triciiy. He endeavours to show from these researches that the state 
of action in nerve and muscle, instead of being a manifestation oj 
vitality, must be brought under the domain ofphysiccU law in order 
to be intelligible, and that a different meaning, also based upon pure 
physics^ must be attached to the state of rest. 

Reynolds (J. R.)— A system of medicine. VoL i. 

Edited by J. Russell Reynolds, M.D., F.R.C.P. London. 
Second Edition. 8vo. ay. 

** It is the best Cyclopcedia of medicine of the time." — Medical Press. 

Part I. General Diseases, or Affections of the Whole System. 
§ /. — Those determined by agents operating from withotU, such as 
the exanthemata, malarial diseases, and their allies. § II. — Those 
determined by conditions existing within the body, such as Gout, 
Rheumatism, Rickets, etc. Part II. Local Diseases, or Affections 
of particular Systems. § 1.— Diseases of the Skin. 

A SYSTEM OF MEDICINE. VoL 11. Second Edition. 8vo. 

Part II. Local Diseases (continued). § I. — Diseases of the Nervous 
System. A. General Nervous Diseases. B. Partial Diseases of 
the Nervous System, i. Diseases of the Head, 2. Diseases of the 
Spinal Column. 3. Diseases of the Nerves. § //. — Diseases of 
the Digestive System, A, Diseases of the Stomach. 

A SYSTEM OF MEDICINE. Vol. III. 870. 25^. 

Part 11. LoccU Diseases (continued). § //. Diseases of the Digestive 
Sysiem (continued), B, Diseases of the Mouth. C, Diseases of 
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the Fauces^ PharynXy and (Esophagus, D, Diseases of the In- 
testines, E, Diseases of the Peritoneum. F, Diseases of the 
Liver. G, Diseases of the Pancreas, § ///. — Diseases of the 
Respiratory System, A, Diseases of the Larynx, B, Diseases of 
the Thoracic Organs, 

Reynolds (O.)— sewer gas, and how to keep it 

OUT OF houses, a Handbook on House Drainage. By 
Osborne Reynolds, M.A., Professor of Engineering at Owens 
College, Manchester, Fellow of Queen's College, Cambridge. 
Second Edition. Crown 8vo. cloth, is. dd. 

The author^ s chief object in writing on this subject is to suggest apian 
for preventing the evil which has been causing so much alarm since 
the recent illness of the Prince of Wales — viz. the bctck-fUrw of gas 
into our houses. Of the plan he here suggests, he has now had 
four years* fxperiencCy and has, without exception, found it to answer 
perfectly. He applied it to his own house, a house of the ordinary 
type drained into a foul sewer, at a cost of about fifty shillings. 
Before the introduction of the new plan it was never free from smells; 
while since, there has been no annoyance of the kind, nor have the 
drains required any attention whatever. The plan is very simple 
and can be applied to any house without requiring the inside drains 
to be disturbed. Besides fully explaining the plan and showing its 
application by means of illustrations, the author throws out sug- 
gestions with regard to drainage generally which many will find 
to be very valuable, ** Professor Reynold^ admirable pamphlet will 
a thousand times over repay its cost and the reader's most attentive 
perusal,*' — Mechanics' Magazine. 



Rolleston.— THE HARVEIAN oration, 1873. By George 
RoLLESTON, M.D., F.R.S., Linacre Professor of Anatomy and 

i Physiology, and Fellow of Merton College, in the University of 
Oxford. Crown 8vo. 2s, 6d. 

In this Lecture the author expounds certain advances recently made 
in our knowledge of the anatomy and physiology of the circulatory 
organs, and gives the as yet unrecorded history of one of the many 
attempts to rob Harvey of the glory of the great discovery. 
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Seaton. — a handbook of vaccination. By Edward 
C. Seaton, M.D., Medical Inspector to the Privy Council. Extra 
fcap. 8vo. &r. 6^. 

Tki author^ s object in putting forth this work is twofold: Firsts to 
provide a text-book on the science and practice of Vaccination for 
the use of younger practitioners and of medical students ; secondly^ 
to give what assistance he could to those engaged in the administra- 
tion of the system of Public VaccincUion established in England, 
For many years past^ from the nature of his office^ Dr. Seaton hcts 
had constant intercourse in reference to the subject of Vaccination^ 
with medical men who are interested in ity and especially Tvith that 
large part of the profession who are engc^ged as Publie Vacci- 
nators. All the varieties of pocks, both in men and the lower 
animalSt are treated of in detail, and much valuable information 
given on all points connected with lymph, and minute instructions 
as to the niceties and cautions which so greatly influence success 
in Vaccination. The administrative sections of the work will be 
of interest and value, not only to medical practitioners, but to 
many others to whom a right understanding of the principles on 
which a system of Public Vaccination should be based is indis- 
pensable. 

Symonds (J. A., M.D.)— MISCELLANIES. By John 
Addington Symonds, M.D. Selected and Edited, with an 
Introductory Memoir, by his Son. 8vo. *js. 6d. 

The late Dr. Symonds of Bristol was a man of a singularly versatile 
and elegant as well as powerful and scientific intellect. In order 
to make this selection from his many works generally interesting, 
tht editor has confined himself to works of pure literature, and to 
such scientific studies cls had a general philosophical or social 
interest. Among the general subjects are articles on ** the Principles 
of Beauty," on '"Knowledge," and a ''Life of Dr. Prichard ;" 
among the Scientific Studies are papers on " Sleep and Dreams," 
"Apparitions," "the Relations between Mind and Muscle," 
"Habit," etc^; there are several papers on "the Social and 
Political Aspects of Medicine ; " and a few Poems and Transla- 
tions selected from a great number of equal merit. "A collection of 
grac^tU essays on general atid scientific subjects, by a very accom^ 
plished physician. "-^Graphic. 
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WORKS ON MENTAL AND MORAL 
PHILOSOPHY, AND ALLIED SUBJECTS. 

Aristotle — AN INTRODUCTION TO ARISTOTLE'S 
RHETORIC. With Analysis, Notes, and Appendices. By E. 
M. Cope, Trinity College, Cambridge, 8vo. 14J. 

TTiis work is introductory to an edition of the Greek Text of AristotUs 
Rhetoric, which is in course of preparation. Its object is to render 
that treatise thoroughly intelligible. The author hcts aimed to 
illustrate^ as preparatory to the detailed explanation of the work, the 
general bearings and relations of the Art of Rhetoric in itself as 
well cts the special mode of treating it adopted by Aristotle in his 
peculiar system. The evidence upon obscure or doubtful questions 
connected with the subject is examined; and the relations which 
Rhetoric bears, in Aristotlis tHcw, to the kindred art of Logic are 
fully considered. A connected Analysis of the work is given, ana 
a few important matters are separately discussed in Appendices, 
There is addai, as a general Appendix, by way of specimen of the 
antagonistic system of Isocrates and others, a complete analysis of 
the treatise called 'Frtropix^ ''^pi^s *AX4^oafBpou, with a discussion of 
its authorship and of the probable results of its teaching. 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI 
ELENCHI. With a Translation and Notes by Edward Poste, 
M.A., Fellow of Oriel College, Oxford. 8vo. %s. 6d. 

Besides the doctrine of Fallacies, Aristotle offers, either in this treatise 
or in other passages quoted in the Commentary, various glances 
over the world of science and opinion, various suggestions or prO' 
blems which are still agitated, and a vivid picture of the ancient 
system of dialectics, which it is hoped may be found both interesting 
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Butler (W. A.)— continued. 

understood Treatise, irepi '^vx^** These Lectures are the result of 
patient and conscientious examination of the original documents^ 
and may be considered as a perfectly independent contribution to our 
knowledge of the great master of Grecian wisdom. The author's 
intimate familiarity with the metaphysical writings of the last 
century y and especially with the English and Scotch School of 
Psychologists y has enabled him to illustrate the subtle speculations 
of which he treats in a manner calculated to render them more 
intelligible to the English mind than they can be by writers trained 
solely in the technicalities of modern German schools. The editor 
has verified all the references , and added valuable Notes ^ in which 
he points out sources of more complete information. The Lectures 
constitute a History of the Platonic Philosophy — its seed-timCy 
maturity, and decay. 

SERMONS AND LETTERS ON ROMANISM.- See Theo- 
logical Catalogue. 

Calderwood. — Works by the Rev. Henry Calderwood, M. A., 
LL.D., Professor of Moral Philosophy in the University of Edin- 
burgh : — 

PHILOSOPHY OF THE INFINITE: A Treatise on Man's 
Knowledge of the Infinite Being, in answer to Sir W. Hamilton 
and Dr. Mansel. Cheaper Edition. 8vo. *js. 6d. 

The purpose of this volume is, by a careful analysis of consciousness, 
to prove, in opposition to Sir W. Hamilton and Mr. Mansel, that 
man possesses a notion of an Infinite Being, and to ascertain the 
peculiar nature of the conception and the particular relations in 
which it is found to arise. The province of Faith as related to that 
of Knowledge, and the characteristics of Knowledge and Thought 
as bearing on this subject, are examined; and separate chapters are 
devoted to the consideration of our knowledge of the Infinite as 
First Cause, as Moral Governor, and as the Object of Worship. 
**A book of great ability .... written in a clear style, and may 
be easily understood by even those who are not versed in such 
discussions.** — British Quarterly Review. 

A HANDBOOK OF MORAL PHILOSOPHY. Second Edition. 
Crown 8vo. 6s. 
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**Itts, we fed convinced^ the best handbook on the subject^ intellectually 
and morally^ and does infinite credit to its author, " — Standard. 

Elam.— A PHYSICIAN'S PROBLEMS. — See Medical 
Catalogue, preceding. 

Galton (Francis).— HEREDITARY genius : An Inquiry 
into its Laws and Consequences. See Physical Science 
Catalogue, preceding. 

Green (J. H.)— spiritual philosophy: Founded on 
the Teaching of the late Samuel Taylor Coleridge. By the 
late Joseph Henry Green, F.R.S., D.C.L. Edited, with a 
Memoir of the Author's Life, by John Simon, F.R.S., Medical 
Officer of Her Majesty's Privy Council, and Surgeon to St. 
Thomas's Hospital. Two Vols. 8vo. 25J. 

The late Mr, Green^ the eminent surgeon^ was for many years the 
intimate friend and disciple of Coleridge^ and an ardent student of 
philosophy. The language of Coleridg^s will imposed on Mr. 
Green the obligation of devoting^ so far as necessary^ the remainder 
of his life to the one task of systematising, developing^ and establish- 
ing the doctrines of the Coleridgian philosophy. With the assist- 
ance of Coleridg^s manuscripts, but especially from the knowledge 
he possessed of Coleridgis doctrines, and independent study of at least 
the basal principles and metaphysics of the sciences and of all the 
phenomena of human life, he proceeded logically to work out a 
system of universal philosophy such as he deemed would in the main 
accord with his master's aspirations. After many years of pre- 
paratory labour he resolved to complete in a compendious form a 
work which should give in system the doctrines most distinctly 
Coleridgian. The result is these two volumes. The first volume 
is devoted to the general principles of philosophy ; the second aims at 
vindicating i priori (on principles for which the first volume hets 
contended) the essential doctrines of Christianity. The work is 
divided into four parts: I. **0n the Intellectual Faculties and 
processes which are concerned in the Investigation of Truth." 
II. ''Of First PHnciples in Philosophy:' III. " Truths of 
Rdigion.^' IV. " The Idea of Christianity in relation to Con- 
troversial Philosophy." 
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Huxley (Professor.)— lay sermons, addresses, 

AND REVIEWS. See Physical Science Catalogue, 
preceding. 

Jevons. — Works by W. Stanley Jevons, M.A., Professor oi 
Logic in Owens College, Manchester : — 

THE SUBSTITUTION OF SIMILARS, the True Principle of 
Reasoning. Derived from a Modification of Aristotle's Dictum. 
Fcap. 8vo. 2j. 6d. 

**All acts of reasoning" the author says, *^ seetn to me to be dif- 
ferent cases of one uniform process, which may perhaps be best 
described as the substitution of similars. This phrase clearly 
expresses that familiar mode in which we continually argue by 
analogy from like to like, and take one thing as a representative 
of another. The chief difficulty consists in showing that all the 
forms of the old logic, cts well as the fundamental rules of mathe- 
matical reasoning, may be explained upon the same principle; and 
it is to this difficult task I have devoted the most attention. Should 
my notion be trtie, a vast ma^s of technicalities may be swept from 
our logical text-books and yet the small remaining part of logical 
doctrine will prove far more useful than all the learning of the 
Schoolmen." Prefixed is a plan of a new reasoning machine, the 
Logical Abacus, the construction and working of which is fully 
explained in the text and Appendix. ** Mr. yevons* book is very 
clear and intdligihle, and quite worth consulting" — Guardian. 

MaCColL — THE GREEK SCEPTICS, from Pyrrho to Sextus- 
An Essay which obtained the Hare Prize in the year 1868. By 
Norman Maccoll, B.A., Scholar of Downing College, Cam- 
bridge. Crown 8vo. 3^. 6d. 

This Essay consists of five parts : L *^ Introduction." II. *^ Pyrrho 
and.Timon." III. ''The New Academy." IV. ''The Later 
Sceptics" V. " The Pyrrhoneans and New Academy con^ 
trasted." — "Mr. MaccoU has produced a monograph which mentt 
the gratitude of all students of philosophy. His style is clear and 
vigorous; he has mastered the authorities, and criticises them in a 
modest but independent spirit." — Pall Mall Gazette. 
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M'Cosh. — ^Works by JAMES M*CoSH,LL.D., President of Princeton 
College, New Jersey, U.S. 

^* He certainly shows himself skilful in that application of logic to 
psychology y in that inductive science of the human mind ivhich is 
the fne side of English philosophy. His philosophy as a iMfhole is 
worthy of attention." — Revue de Deux Mondes. 

THE METHOD OF THE DIVINE GOVERNMENT, Physical 
and Moral. Tenth Edition. 8vo. lor. 6</. 

This work is divided into four books. The first presents a general 
view of the Divine Government as fitted to throw light on the 
character of God; the second deals with the method of the Divine 
Government in the physical world; the third treats of the principles 
of the human mind through which God governs mankind; and the 
fourth is on Pastoral and Revealed Religion^ and the Restoration 
of Man. An Appendix, consisting of seven articles , investigatef 
the fundamental principles which underlie the speculations of the 
treatise. " This work is distinguished from other similar ones by 
its being based upon a thorough study of physical science, and an 
accurate knowledge of its present condition, and by its entering in a 
deeper and more unfettered manner than its predecessors upon the dis- 
cussion of the appropriate psychological, ethical, and theological ques- 
tions. The author keeps aloof at once from the k priori idealism and 
dreaminess of German speculation since Schelling, and from the 
onesidedness and narrowness of the empiricism and positivism 
which have so prevailed in England." — Dr. Ulrici, in "Zeitschrift 
fiir Philosophie." 

THE INTUITIONS OF THE MIND. A New Edition. 8vo. 
cloth, los. 6d. 

The object of this treatise is to determine the true nature of Intuition, 
and to investigate its laws. It starts with a general view of 
intuitive convictions, their character and the method in which they 
are employed, and passes on to a more detailed examination of 
them, treating them under the various heads of ^^ Primitive Cogni- 
tions," ^^ Primitive Beliefs," ^^ Primitive Judgments," and ^^ Moral 
Convictions." Their relations to the various sciences, mental and 
physical, are then examined. Collateral criticisms are thrown 
into prdiminary and supplementary chapters and sections. * * The 
undertaking to adjust the claims of the sensational and intuitional 
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philosophies, and of the ^ posteriori and k priori methods, is 
accomplished in this work with a great amount of success" — 
Westminster Review. **/ value it for its large cuquaintance 
with English Philosophy, which has not led him to neglect the 
qreat German works. I admire the moderation and clearness, as 
"Well as comprehensiveness, of the author's views" — Dr. Dorner, of 
Beriin. 

AN EXAMINATION OF MR. J. S. MILL'S PHILOSOPHY: 
Being a Defence of Fundamental Truth. Crown 8vo. *js, 6d. 

This volume is not put forth by its author as a special reply to Mr, 
Mill^s ^^Examination of Sir William Hamilton's Philosophy" 
In that work Mr. Mill has furnished the means of thoroughly 
estimating his thwry of mind, of which he had only given hints 
and glimpses in his logical treatise. It is this theory which Dr. 
M^Cosh professes to examine in this volume; his aim is simply to 
defend a portion of primary truth which has been assailed by an 
acute thinker who has extensive influence in England. **In 
such points as Mr. MilVs notions of intuitions and necessity, he 
will have the voice of mankind with him. "— Athenaeum. **Such 
a work greatly needed to be done, and the author was the man to 
do it. This volume is important, not merely in reference to the 
views of Mr. Mill, but of the whole school of writers, past and 
present, British and Continental, he so ably represents" — Princeton 
Review. 

THE LAWS OF DISCURSIVE THOUGHT : Being a Text- 
book of Formal Logic. Crown 8vo. 5^". 

The main feature of this Logical Treatise is to be found in the more 
thorough investigation of the nature of the notion, in regard to 
which the views of the school of Locke and Whatdy are regarded 
by the author cts very defective, and the views of the school of Kant 
and Hamilton altogether erroneous. The author believes that 
errors spring far more frequently from obscure, inadequcUe, indis^ 
tinct, and confused Notions, and from not placing the Notions in 
their proper relation in judgment, than from Ratiocination. In 
this treatise, therefore,, the Notion (vnth the term, and the Relation 
of Thought to Language) will be found to occupy a larger relative 
place than in any logical work written since the time of the famous 
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Art of Thinking. ^'7^ amount of summarized information 
which it contains is very great; and it is the only work on the very 
important subject with which it deeds. Never was such a work 
so much needed as in the present day" — London Quarterly 
Review. 

CHRISTIANITY AND POSITIVISM : A Series of Lectures to 
the Times on Natural Theology and Apologetics. Crown 8vo. 
7j. 6rf. 

These Lectures were delivered in New York, by appointment, in the 
beginning of iS'ji, as the second course on the foundation of 
the Union Theologiccd Seminary, There are ten Lectures in all, 
divided into three series : — I, * * Christianity and Physical Science" 
(three lectures). II, ,^^ Christianity and Mental Science" (four 
lectures). III. ^^Christianity and HistoriecU Investigation" (three 
lectures). The Appendix contains articles on **Gaps in the Theory 
of Devdopment;" ** Darwin^ s Descent of Man ;" ^^ Principles 
of Herbert Spencer^ s Philosophy." In the course of the Lectures 
Dr. HP Cosh discusses all the most important scientific problems 
which are supposed to affect Christianity. 

MaSSOn.— RECENT British PHIL0S01>HY: a Review, 
with Criticisms ; including some Comments on Mr. Mill's Answer 
to Sir William Hamilton. By David Masson, M.A., Professor 
of Rhetoric and English Literature in the University of Edinburgh. 
Crown 8vo. 6s. 

The author, in his usual graphic and forcible manner, reviews in 
considerable detail, and points out the drifts of the philosophical 
speculations of the previous thirty years, bringing under notice the 
work of all the principal philosophers who have been at work during 
that period on the highest problems which concern humanity. The 
four chapters are thus titled: — /. "^ Survey of Thirty Years." 
II. ^*Tke Traditional Differences: how repeated in Carlyle^ 
Hamilton, and Mill." III. ^^ Effects of Recent Scientific Con- 
ceptions on Philosophy." IV. ^^ Latest Drifts and Groupings." 
The last seventy-six pages are devoted to a Review of Mr. MilCs 
criticism of Sir William Hamilton's Philosophy. ** We can 
nowhere point to a work which gives so clear an exposition of 
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the course of philosophical speculation in Britain during the past 
century, or which indicates so instructively the mutual influences of 
philosophic and scientific thought?^ — Fortnightly Review. 

Maurice. — Works by the Rev. Frederick Denison Maurice, 
M.A., Professor of Moral Philosophy in the University of Cam- 
bridge, (For other Works by the same Author, see Theological 
Catalogue.) 

SOCIAL MORALITY, Twenty-one Lectures delivered in the 
University of Cambridge. New and Cheaper Edition. Crown 8vo. 
lor. 6d^. 

In this series of Lectures, Professor Maurice considers, historically 
and critically. Social Morality in its three main aspects : /. ** The 
Relations which spring from the Family — Doittestic Morality ^ 
II. *^ The Relations which subsist among the various constituents 
of a Nation — National Morality. ^^ III, **As it concerns Uni' 
versal Humanity — Universal Morality. " Appended to ectch series 
is a chapter on ** Worship :^ first, *^ Family Worship;*^ second, 
**Nafional Worship;'' third, ** Universal Worship." '* Whilst 
reading it we are charmed by the freedom from excfusiveness and 
prejudice, the large charity, the loftiness of thought, the eagerness to 
recognize and appreciate whatever there is of real worth extant in 
the world, which animxites it from one end to the other. We gain 
new thoughts and new ways of viewing things, even more, perhaps, 
from being brought for a time under the influence of so noble and 
spiritual a mind." — Athensemn. 

THE CONSCIENCE : Lectures on Casuistry, delivered in the 
University of Cambridge. New and Cheaper Edition. Crown 
8vo. 5j. 

In this series of nine Lectures, Professor Maurice, with his wonted 
force and breadth and freshness, endeavours to settle what is nteant 
by the word *^ Conscience," and discusses the most important 
questions immediately connect^ with the subject. Taking ** Casu- 
istry " in its old sense as being the ** study of cases of Conscience," 
he endeavours to show in what way it may be brought to bear at 
the present day upon the acts and thoughts of our ordinary 
existence. He shows that Conscience ctsks for laws, not rules ; 
for freedom, not chains ; for education, not suppression. He 
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has abstained from the use of philosophical terms ^ and has touched 
on philosophical systems only when he fancied ^*they were inter- 
fering^ wilh the rights and duties of wayfarer s,^^ The Saturday 
Review joyj; ^^We rise from them with detestation of all that is 
selfish and mean, and with a living impression that there is such a 
thing as goodness after all. " 

MORAL AND METAPHYSICAL PHILOSOPHY. New 
Edition and Preface. Vol. I. Ancient Philosophy and the First to 
the Thirteenth Centuries ; VoL II. the Fourteenth Century and the 
French Revolution, with a glimpse into the Nineteenth Century. 
New Edition. 2 Vols. 8vo. 25J. 

This is an Edition in two volumes of Professor Maurice* s History of 
Philosophy from the earliest period to the present time. It was 
formerly scattered throughout a number of separate volumes, and it 
is believed that all admirers of the author and all students of 
philosophy will welcome this compact Edition. The subject is one 
of the highest importance, and it is treated here with fulness and 
candour, and in a clear and interesting manner. In a long intro- 
duction to this Edition, in the form of a dialogue, Professor Maurice 
justifies some of his own peculiar views, and touches upon some of 
the most important topics of the time. 

Murphy,— THE SCIENTIFIC BASES OF FAITH. By 
Joseph John Murphy, Author of " Habit and Intelligence." 
8vo. 14J-. 

** The book is not without substantial vcUue ; the writer continues the 

work of the best apologists of the last century, it may be with less 

force and clearness, but still with commendable persuasiveness and 

tact; and with an intelligent feeling for the changed conditions of 

the problem, " — Academy. 

Picton.-— THE MYSTERY OF MATTER AND OTHER 
ESSAYS. By J. Allanson PiCTON, Author of " New Theories 
and the Old Faith." Crown 8vo. ^ \os. 6d, 

Contents :— T^e Mystery of Matter—The Philosophy of Igno- 
rance^The Antithesis of Faith and Sight— The Essential Nature 
of Religion — Christian Pantheism. 
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Thring (E., M.A.)~TH0UGHTS ON LIFE-SCIENCE. 
By Edward Thring, M.A. (Benjamin Place), Head Master of 
Uppingham School. New Edition, enlarged and revised. 
Crown 8vo. *js. 6d. 

In this volume are discussed in a familiar manner some of the most 
interesting problems between Science and Religion, Rectson and 
Feeling. * * Learning and Science, ' ' says the author, * ^are claiming 
the right of building up and pulling down everything^ eSpecitdly 
the latter. It has seemed to me no useless task to look steadily at 
what has happened, to take stock as it were of men*s gains, and to 
endeavour amidst new circumstances to arrive at some rational 
estimate of the bearings of things, so that the limits of what is 
possible at all events may be clearly marked out for ordinary 

raiders This book is an endeavour to bring out some of the 

main facts of the world." 

Venn.— THE logic of chance : An Essay on the Founda- 
tions and Province of the Theory of Probability, with especial 
reference to its application to Moral and Social Science. By John 
Venn, M. A., Fellow of Gonville and Caius College, Cambridge. 
Fcap. 8vo. *is. 6d. 

This Essay is in no sense mathematical. Probability, the author 
thinks, mny be considered to be a portion of the provirue of Logic 
regarded from the material point of view. The principal objects of 
this Essay are to ascertain ktrw great a portion it comprises, where 
we are to draw the boundary between it and the contigiwus branches 
of the general science of evidence, what are the ultimate foundations 
upon which its rules rest, ivhat the nature of the evidence they are 
capable of affording, and to what class of subjects they may most 
fitly be applied. The general design of the Essay, as a special 
treatise on Probability, is quite original, the author believing that 
erroneous notions as to the real nature of the subject are discutrously 
prevalent. *^ Exceedingly well thought and well written^" says the 
Westminster Review. The Nonconformist calls it a ^^ masterly 

■ book:" 
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